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BLUE GROUND DOVE 
CLARAVIS PRETIOSA 


Male (top) and female, three-fourths natural size 


From a painting by Don R. Eckelberry 
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LIFE HISTORY OF THE BLUE GROUND DOVE 
By ALEXANDER F. SKUTCH 


To the student eager to learn the roles of the sexes at the nest, the Blue Ground Dove 
(Claravis pretiosa) is especially attractive because of the ease of distinguishing the male 
from the female. This is exceptional in a family in which the sexes are usually nearly or 
quite alike in appearance, at least in the American species. The male is largely blue-gray, 
fading to white on the forehead and throat, with some prominent black bars and spots on 
the wing coverts. As I saw while watching at a nest at close range, his iris is deep red, bill 
pale grayish-yellow with a narrow black stripe along the culmen, tarsus and toes pink, 
claws black. In the female, the warm cinnamon-brown or russet of the central rectrices 
and upper tail coverts contrasts strongly with the paler, more buffy brown of the remain- 
ing upper parts, and the spots on her wing coverts are bright chestnut instead of black 
as in the male. Her under parts are largely grayish, tinged with brown on the chest. Her 
featherless parts are much as in the male, but the culmen is dark gray rather than black. 

The species ranges, with little or no geographic variation, from eastern México to 
northern Argentina, and from western Ecuador to Trinidad and eastern Brazil. In 
Guatemala it seems to be confined to the Caribbean lowlands, although there is an old 
and dubious record from Retalhuleu in the Pacific lowlands (Ridgway, 1916:434). In 
Costa Rica it occurs not only on the Caribbean side but also in the wetter parts of the 
Pacific littoral, especially about the Gulf of Nicoya and to the southward, where it be- 
comes abundant. It likewise penetrates the central highlands and has been recorded up 
to 5000 feet above sea level, but it was possibly more abundant in this region in former 
times than today, for I have never seen it there. 

In most parts of its range, the Blue Ground Dove inhabits regions where rain forest 
is the natural vegetation, yet in my experience it strictly avoids the interior of heavy 
forest and lives in clearings, tangled second-growth thickets, and the lighter woods. It 
forages largely if not wholly on the ground, where at times a dozen individuals may be 
seen together; often it is seen in company with other ground-foraging pigeons such as 
the Ruddy Ground Dove (Columbigallina talpacoti) and the White-tipped or White- 
fronted Dove (Leptotila verreauxi). Yet it is not truly gregarious, for when disturbed the 
doves fly off in different directions, and I have never seen them travel in a compact flock. 
Once in February, two adult males in blue plumage kept close company about our house 
in the valley of El General in Costa Rica. For several days they walked over the lawn 
together and behaved much as though they were a mated pair. In northeastern Venezuela, 
however, flocks of more than 100 individuals were seen in the heavier woods bordering a 
stream, although generally the parties consisted of less than 10 birds. Strangely enough, 
in Venezuela, the Blue Ground Dove was almost exclusively arboreal and was very rarely 
noticed on the ground (Friedmann and Smith, 1950:469-470). 

The call of the Blue Ground Dove is a low, soft monosyllable, coo or, perhaps better, 
coot, easily distinguished from the trisyllabic kitty-woo of the Ruddy Ground Dove 
with which it so often associates, and from the more powerful or more mournful notes of 
the species of Columba, Leptotila, and Oreopeleia whose voices are heard in E] General. 
In this region, the Blue Ground Dove is heard most frequently from January to August. 
The statement of Ridgway (1916:279) that Claravis pretiosa produces a sound “nearly 
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as loud as the bellowing of a bull” is most surprising. He must have confused the Blue 
Ground Dove with some other bird. 

On June 22, 1943, I watched a male Blue Ground Dove which stood on a horizontal 
branch at the edge of a thicket and behaved very queerly, strutting about and turning 
rapidly to face now to one side, now in the opposite direction. After this had continued 
for a short while, a brown female of his kind flew up and came to rest close beside him, 
whereupon he took her bill in his and went through the motions of regurgitating food, 
but whether nourishment actually passed to her I could not tell. Then, dropping her bill, 
he mounted upon her back. In a moment he stepped down to the branch on the opposite 
side of her and again appeared to feed her. Then he stood on her back a second time, 
after which he got down and went through the motions of feeding her from her left side, 
as at first. After this, she flew away. 


NEST BUILDING 


In El General, where the Blue Ground Dove nests in numbers up to at least 3000 
feet above sea level, breeding begins in the dry month of February, and I have twice 
found eggs as early as February 22. Of the 23 nests of which I have records, slightly 
more than half were placed in trees and shrubs in thickets, often amid the tangled vines 
which overgrew these woody plants. Five nests were built amid the dense foliage of 
coffee bushes in small plantations, two were in orange trees growing in coffee plantations. 
One was found in a vine-laden tree beside a road, one in a clump of mistletoe in a road- 
side bush, and one in an annatto bush (Bixa orellana) in a dooryard. The extreme range 
in height of these nests was from 3 feet 8 inches to about 35 feet, but 19 of them were 
from 5 to 12 feet above the ground. Only one was below 5 feet and only 3 were above 12 
feet. It is significant that the highest nest, 35 feet up, was in an orange tree, the very 
dense foliage of which invites this and other birds to build higher than they do in more 
exposed situations. The other two unusually high nests were at heights of 16 and 20 feet 
in vine-draped trees which also provided excellent concealment. In Trinidad, Belcher 
and Smooker (1936:5) found a nest only 25 inches above the ground, and they saw two 
that were 20 feet high. 

On February 26, 1937, I had the good fortune to find a pair of Blue Ground Doves 
just starting a nest. At the edge of a low, dense thicket beside a grassy roadway, I saw a 
male fly up with a piece of dry flower stalk in his bill. He entered the thicket and by a 
circuitous route reached a point about 12 feet above the ground, where the branches and 
foliage were closely massed together, and here he deposited his slight burden. Then he 
rested on the place where he had laid it, amid leafage so dense that I could see little 
more than his bright red eye peering out at me. Presently his mate joined him, and then 
the blue dove and the brown rested side by side on the site of the nest. At first each billed 
the feathers of the other’s neck, but soon they ceased this and sat inactive. After they 
had remained so for nearly half an hour, the blue male bestirred himself, flew down, 
found another dry flower stalk, returned to the nest site, and standing beside it laid the 
piece gently by his brown mate’s head. Then he sat beside her once more. After a while 
both flew away, and I waited a long time but they did not return. At last I entered the 
thicket for a closer view of the nest, which consisted of perhaps a half-dozen dry twiglets 
and flower stalks laid across some horizontal branches that were close together. Later in 
the morning, I again saw the female sitting on this slight foundation of a nest, but no 
work was done at this time. 

The following morning building proceeded more actively. While the brown dove sat 
on the nest, the blue one brought lengths of slender dead vines, coiled tendrils, twiglets, 
and pieces of dry inflorescences. Sometimes it was plain that he carried only a single bit 








Mar., 1959 BLUE GROUND DOVE 67 


of material, but on other trips he appeared to bring two or more pieces, although these 
may have been branches attached together. Flying toward the nest with wings making 
the whistling sound characteristic of doves in flight, he came to rest on an exposed hori- 
zontal branch at the edge of the dense maze of twigs and vines that concealed the frail 
platform on which his mate rested. After a moment’s pause, he entered the clustered 
foliage and, with wings striking loudly against obstructing vegetation, made his way with 
difficulty to the nest. At times his burden was knocked from his bill by a branch, but 
instead of trying to retrieve this dropped material, he would go off in search of a new 
piece. 

His mode of delivering these contributions varied little. On reaching the nest, he 
usually stepped upon his mate’s back, always facing in the same direction as she, and 
bent down his head to deposit his burden in front of her or by her breast. Sometimes he 
had difficulty in keeping his footing on the sloping sides of her smooth back and slipped 
off. Exceptionally he laid down the material while perching beside her instead of resting 
on her back. After he had placed his contribution, he usually went off quite promptly, 
and only rarely did he linger beside his mate, as on the preceding day. 

I did not see the female dove bring anything to the nest. It is possible that she carried 
something each time that she returned to sit on the structure after an absence, but she 
could not have brought much. Her task was to arrange the materials which her mate 
delivered to her. After he had laid a tendril or a twig before her, she took it in her bill 
and worked it into the nest. Sometimes she grasped the piece before he relinquished it. 
Occasionally the two worked together with the new contribution for a moment, but it 
was always the female that made the final disposition of the piece. From time to time 
she shifted her position to face in another direction, and she was constantly billing the 
materials in front of her to arrange them better. The male always laid his contribution 
by her head or breast, no matter which way she faced; therefore her turning insured a 
rather uniform distribution of the pieces around the periphery of the nest. Sometimes, 
when her mate was long in returning, she cooed softly from the nest, and frequently I 
heard his low coos issuing from the thicket beneath which he sought suitable building 
material. Apparently he gathered most if not all of it from the ground. 

The female passed long periods on the nest. From my arrival at 7:20 a.m. she sat 
continuously until 9:40, receiving in this interval at least 13 contributions from her mate. 
Then the nest was unoccupied for 18 minutes, or until 9:58, when the male settled on it 
and worked with feet and bill to give it shape. After a minute the female joined him and 
the two moved about together on the nest, improving the arrangement of its constituents. 
In a few minutes the male flew away, leaving his mate alone there. For the next two 
hours, or until midday, she sat continuously, while her partner brought material at least 
14 times. Between 1:00 and 3:00 that afternoon I kept the nest under observation, but 
no building was done. 

This pair of doves took at most three days to build their nest, but on the first day 
they did little more than lay a few pieces of material to indicate its position. The com- 
pleted structure was very slight, frail, and shallow, hardly more than a narrow platform 
of fine twiglets and tendrils, concave on its upper side. After the eggs were laid, I could 
see them through the bottom of the nest. Rarely a nest is somewhat bulkier than this; but 
of all the pigeons whose nests I have found in El General, including the Ruddy Ground 
Dove, the Blue. Ground Dove rather consistently builds the slightest and frailest 
structures. 

Although the female, confining her effort to the arrangement of the materials, brought 
little or nothing to the nest of which I watched the construction, I once saw a female 
of the same species carry twigs to a nest that already contained two eggs. At 9:00 a.m., 
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on May 2, 1940, the activity of this female drew my attention to the nest, on which her 
mate sat. In the following quarter-hour she made six more trips with twiglets, while the 
male continued to incubate. Interfering vegetation made it impossible to be certain 
whether he helped to arrange these additions to the already finished nest. I was sure, 
however, that he did not always receive them, for sometimes as his mate approached with 
a twig he left the eggs and moved off a short distance through the surrounding tangle of 
branches, and once he flew down to a rock standing in the stream above which the nest 
was situated. But after each of these excursions he returned to the nest as soon as she 
left. After 9:15, the female brought no more twiglets; and for the next hour, while I 
watched, her mate was permitted to incubate without interruption. The female Ruddy 
Ground Dove also at times brings material to the nest while her mate incubates (Skutch, 
1956:195). I have never seen a female dove stand on her mate’s back while placing 
materials for the nest. 
THE EGGS 


Of the 23 nests that appear in my records, 18 contained two eggs or nestlings. Two 
nests were high in dense tangles of vines which made it impossible to see their contents 
without jeopardizing them, and from one nest the first egg vanished the day after it was 
laid. Thus I have records of two nests, both found in early August, in which a single egg 
may have constituted the full set, but in each case it was possible that a second egg had 
been laid and lost. In Trinidad, Belcher and Smooker (1936:5) found three sets of 
two eggs. 

At nest 7, which I found on February 26, 1937, when the pair had just begun to 
build, an egg was present by 7:00 a.m. on March 2; but it must have been laid on the 
preceding day or even earlier, as the second egg was laid between 7:00 and 10:00 a.m. 
on the same day. At nest 19, the first egg was laid between 7:40 a.m. and 4:15 p.m. on 
April 20, 1949, and the second egg between 7:30 and 9:15 a.m. on April 22, so that an 
interval of about two days separated the laying of the first and second eggs. At nest 16, 
the second egg appeared between 7:30 a.m. and 1:40 p.m. Thus the last egg of the set is 
laid in the morning, after 7:00 a.m. but sometimes before 9:00 or 10:00 a.m. 

The eggs are pure white. The measurements of 6 eggs average 25.9 by 18.8 milli- 
meters. Those showing the four extremes measured 26.2 by 17.5, 25.0 by 18.3 and 25.8 
by 19.4 millimeters. 

In 23 nests in the valley of El General, 2200 to 3200 feet above sea level, eggs were 
present as follows: February, 4; March, 7; April, 7; July, 1; August, 3; September, 1. 
Most of the breeding occurs in the drier part of the year. Although the rains return in 
March or April, they are rarely heavy before May. The single long wet season continues 
until the following December or January. 


INCUBATION 


After the completion of their nest, and while it contains a single egg, the doves spend 
much time on it, and on my visits in this period I have usually found one member of the 
pair sitting. The male may now come earlier in the morning than he will after the set is 
complete. At nest 19, I found the male covering one egg at 7:20 a.m. on April 21. On the 
following morning he was sitting on the same egg at 7:30, and at 9:15 he was incubating 
two eggs, whence it was evident that his mate had come in the interval to lay the second 
egg. On April 24, I found him on this nest at 7:25 a.m., but after incubation is farther 
advanced it is rare to find a male on the eggs before 8:30. Likewise, the female returns 
to cover the single egg earlier than she comes in the afternoon to take charge of a com- 
plete set. At nest 19 I found her present at 12:50 p.m. on April 21, an hour before one 
is likely to see a female covering a full set of eggs. Similarly, the Ruddy Ground Dove’s 


Mar., 1959 BLUE GROUND DOVE 69 


attendance at the nest follows, during the period of laying, a schedule different from 
that which prevails after the set is complete. Since at nest 19 and one other nest of the 
Blue Ground Dove the two eggs hatched at about the same time, it is evident that incu- 
bation of the first egg in the interval between its deposition and that of the second egg 
two days later is only slight and probably insignificant. 

While incubating a full set of eggs, the Blue Ground Doves change over twice each 
day, the male coming in the morning to replace his mate, the. female returning in the 
afternoon to relieve him and take charge of the eggs until the following morning. The 
latest hour of the morning that I have found a female present at any nest is 9:39, while 
my earliest record for the presence of the male, except at the beginning of incubation, is 
8:25 a.m. In the afternoon, my latest record of a male on the eggs is 2:56, my earliest for 
the return of the female is 1:31 p.m. Between 9:39 a.m. and 1:31 p.m., I have never 
found a female covering a complete set of eggs. 

At nest 17, which was situated in an annatto bush in front of my house in 1948, I 
made a record of the attendance at the nest during the last nine days of incubation. Al- 
though I did not watch continuously throughout these days, I spent long periods in the 
blind, witnessed 16 change-overs, and made many visits of inspection to assure myself 
that only the blue male was present between the usual morning and afternoon change- 
overs, only the brown female at other times (see table 1). At this nest the male’s daily 
period on the eggs ranged from 4 hours and 16 minutes on March 19 to 6 hours and 13 
minutes on March 24. His average period of sitting during the seven days was 5 hours 
and 8 minutes. 


Table 1 


Occupancy of a Nest by Blue Ground Doves during Incubation and Nestling Periods 


Date in OAM. a a . : Male’s time 
March, 1948 Female leaves Male sits Male leaves Female sits on the nest 
16 8:40 8:40 1:28 1:31 4 hours, 48 minutes 
17 8:29 8:30 1:50 2:52 5 20 
18 8:46 8:46 2:03 2:03 5 17 
19 9:39 9:39 1:55 1:56 + 16 
20 (8:15-8:45)" 2:26 2326 
21 9:28 9:28 2:42 2:42 5 14 
22 9:17 9:17 2:06 2:08 4 49 
23 (8:20-8:33) 33 1:56 
24 8:41 8:43 2:56 2:56 6 13 
251 2:46 2:46 
26 8:54 8:56 2:05 2:05 5 9 
27 (8:23-8:34) (2:50-3:25) 
28 9:16 9:22 1:20 Sion 3 58 


1 Both eggs hatched between 6:00 and 8:30 a.m., March 25. : i 6 ae 
“When the hours are given in parentheses, the change-over was not witnessed but occurred in the interval indicated. 


With one possible exception, at each of the 16 change-overs which I watched from 
the blind, the dove which had been sitting stayed on the nest until its mate flew up and 
alighted in the supporting bush, usually from one to three feet from the nest. The mate 
never alighted close beside the nest or on it. Then the sitting bird arose, walked off the 
nest and out along a neighboring bough for a foot or more before taking wing. It never 
flew directly from the nest, which might have thrown the eggs from their shallow 
receptacle. The new arrival often delayed for a short while, preening, in the spot where 
it first alighted, or it might nibble at its feathers a little as it walked to the nest. Within 








70 THE CONDOR Vol. 61 


a minute or two, rarely as much as three, of its arrival in the annatto bush, the dove was 
actually on the nest, where it slowly settled down and adjusted the eggs beneath itself. 

The only occasion when the change-over took longer than this was in the afternoon 
of March 16. The male flew from the eggs at 1:28 p.m. I did not see the female until 
she walked to the nest three minutes later, but possibly in this interval she had been 
in the bush, screened from me by the foliage. Just as she was about to settle on the eggs, 
a Tropical Kingbird (Tyrannus melancholicus) sounded its shrill cry of alarm, for no 
reason evident to me. On hearing the warning notes, the female dove walked over the nest 
and did not stop until she reached a part of the bush where the canopy of foliage was 
denser than above the nest. Here she delayed for seven or eight minutes, then, since 
there was no further alarm, she walked back to her nest and settled down. The male 
dove usually cooed softly as he took his place on the eggs, and from time to time while he 
sat. Except one morning when her relief came unusually late, the female rarely uttered 
a note audible to me. 

Both the male and the female sometimes interrupted their sessions on the eggs by 
brief absences, which as a rule did not exceed two or three minutes, although once the 
female stayed away for more than 15 minutes. These intermissions usually took place to- 
‘ward the end of each dove’s period in charge of the nest. Thus on March 16, the female 
left the nest at 7:18 a.m. and returned at 7:20. The following morning, she was absent 
from some time before 8:05 until 8:20, and later the male was away from 12:08 to 12:10 
p.m. and from 12:53 to 12:54. On March 18, the female took an outing from 7:54 to 
7:56 a.m., and the male interrupted his session from 1:28 to 1:30 p.m. These absences 
seemed too short for hunting food. Probably the doves went to a neighboring stream to 
drink, since the weather was hot and dry, especially in the early afternoon when the 
male was in charge of the eggs. Possibly, too, they left to avoid fouling their nest. Some 
Blue Ground Doves, however, are careless about this, and before their eggs hatch the 
outermost parts of their nest are much soiled with their droppings. 

At nest 19, the second egg was laid between 7:30 and 9:15 a.m. on April 22, and 
both eggs hatched between 4:20 p.m. on May 5 and 8:35 next morning, giving an incu- 
bation period of approximately 14 days. This was my only successful attempt to learn 
the Blue Ground Dove’s period of incubation, and if the nest had not been rather low, 
this also would have failed. On the morning of May 3, and again in the evening of the 
same day, when I came to inspect the eggs, the female, doubtless relying on her brown 
color to escape detection, sat steadfastly until I stood beneath her nest, then she flew off 
so suddenly that she rolled out an egg. Fortunately, each time the egg fell on dry leaves 
which saved it from breaking. The second time it cracked slightly, but not enough to 
prevent its hatching two days later. 

THE NESTLINGS 


At 6:00 a.m. on March 25, neither of the eggs in nest 17 had hatched. At 8:00 a.m., 
when I began to watch for the male’s arrival, the female, which had returned after my 
early morning inspection, spent much time with her head bent low, as though feeding 
nestlings. Although she continued to do this for the next half-hour, I could not see 
what was beneath her, and accordingly I advanced to the nest and held up a mirror, which 
revealed two nestlings. They were sightless, and their dark skins were fairly well cov- 
ered with the straw-colored, hair-like feathers typical of newly hatched pigeons. I saw 
only three of the four pieces into which the shells had split. I promptly entered my 
blind close in front of the nest. At 8:51 the female came back and carried off a piece of 
shell, and three minutes later she returned to bear away both parts of the other shell, 
which were loosely held together by the shell membrane. Flying to a branch about 12 
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feet from the nest, she dropped them. At 9:04 she began to regurgitate food, probably 
to a single nestling, although they lay so low that they were invisible to me. Other feed- 
ings followed at short intervals, and by the time the male came to replace her, at 10:47, 
she had fed the nestlings eight times, each act of regurgitation continuing from a few 
seconds to three minutes. In aggregate she devoted about 12 minutes to regurgitation. 
Unlike most birds, which after their first view of their nestlings must go off and find 
food before they can feed them, pigeons are prepared to feed their offspring when they 
first set eyes on them. 

Probably the male arrived late because of my intrusion at the nest at about his usual 
time for coming. Still, the female seemed reluctant to go and delayed for two minutes 
on and beside the nest before she flew off. Her partner cooed softly as he settled on his 
newly hatched nestlings. When I left at 11:00 a.m. he had not yet fed them; but I saw 
him feed them at 12:03 p.m., and during the next 20 minutes he gave three more meals, 
the longest taking about 40 seconds. 

I watched this nest for three whole days, on March 26, 28, and 31, when the nestlings 
were respectively one, three, and six days old, and I made many visits of inspection 
on the intervening days. By April 2, when I had planned to watch again, they had van- 
ished, probably carried off by some predator. During the nestlings’ first four or five days, 
each parent came to the nest once daily, at about the same hour as it had been accus- 
tomed to arrive while incubating the eggs. On March 26 the day-old nestlings, con- 
stantly attended, were brooded most of the time when they were not being fed. The 
male came to relieve his mate at 8:54 a.m. and was continuously present until she re- 
turned at 2:05 p.m. where she remained uninterruptedly until nightfall. On March 28 
the female left as her partner reached the annatto bush at 9:16 a.m., but he delayed six 
minutes, preening, before he advanced to the nest. He stayed continuously on the nest 
until 1:20 p.m., when he flew out of sight. Although a few drops of rain fell, the three- 
day-old nestlings were alone for the next two and a half hours, or until the female re- 
turned at 3:51 p.m. After feeding each of the nestlings, she left when a wandering Fiery- 
billed Aracari (Pteroglossus frantzii) set up a commotion among the smaller birds in the 
garden, but after this dreaded nest-robber passed on, she returned and remained with 
the nestlings until evening. Although I did not watch continuously on March 29, occas- 
ional inspections showed that the parents were present at the nest much of the time. 

But by March 31, when the six-day-old nestlings were in pinfeathers, the parents 
had made a great change in their manner of attending them. Except in the early morn- 
ing and late afternoon, the young birds were not brooded in the daytime. The female 
left the nest at 6:43 a.m., without having fed them. The male was present from 8:15 
to 8:26 a.m., and from 10:56 to 11:03 a.m., to deliver meals. The female returned at 
1:26 p.m. and stayed until 1:37; much of the time she was engaged in feeding. She 
came again at 3:30 and remained until nightfall, from time to time feeding the young, 
but she did not brood them until, as the daylight faded, they gradually retired beneath 
her. Thus on this day each parent came to the nest twice, instead of only once, as they 
had while incubating and brooding. 

For most small birds, the rate of feeding the nestlings is usually given in terms of 
the number of visits to the nest with food in a stated interval. This procedure disregards 
variations in the quantity of food brought on each visit, which tends to increase as the 
nestlings grow older. Without complicated procedures, disturbing to the routine of 
the parents, it is hardly possible to learn how much more food is brought to the nest- 
lings. Despite its limitations, this method provides an index of the parents’ activity in 
nourishing their young. How to record the rate of feeding in pigeons and doves, is a 
more perplexing problem; for on a single visit to ‘the nest a parent may regurgitate to 
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the nestlings a number of times, spread over several hours. One might count each con- 
tinuous act of regurgitation as a ‘“‘meal”’; but here complications arise, for the intervals 
separating such acts vary from a few seconds to more than an hour. If a nestling’s bill 
drops out of its parent’s mouth and is almost at once taken up again for further regurgi- 
tation, should we count this as one meal or two? If we say that it is one, then when the 
interval between acts of regurgitation is just a little longer, we must again decide whether 
to count one meal or two. A further complication is created by the fact that at first the 
nestlings are fed singly, but when a little older the two receive food simultaneously, with 
their bills inserted into the parent’s gape from opposite sides. Moreover, the “pigeon’s 
milk” from the parent’s crop is undoubtedly regurgitated more rapidly as the nestlings 
grow older, but since its passage cannot be seen, this could be proved only indirectly by 
measuring the young birds’ increase in weight after feedings of known duration. Perhaps 
the best way to express the parents’ activity in feeding is in terms of the time devoted 
to regurgitation in each period of observation. But to do this with perfect accuracy, 
especially during the nestlings’ first days when feedings are frequent and usually short, 
it would probably be necessary to have either some mechanical aid to timing and record- 
ing or an assistant to do this at the observer’s dictation. Since I had neither of these, I 
can claim only a rough accuracy for the numerical data given in the following paragraphs. 

On March 26, when the two nestlings were about one to one and one-half days old, 
the female regurgitated to them about 14 times, totalling 39 minutes, and the male also 
fed them about 14 times, totalling 16 minutes. The two parents together regurgitated 
about 28 times and were so engaged for a total of about 55 minutes. On this day the 
young were always fed singly. Once the female regurgitated to one of them for six 
minutes and after dropping this nestling’s head she almost at once took the mouth of the 
other into her own and fed it for seven minutes. The longest feeding by the male lasted 
about three minutes. The shortest feeding by the female was 40 seconds; by the male, 
15 seconds. On this day the female began to feed at 5:31 a.m., before she left the nest 
and long before sunrise, while the light was still dim. The parent which was brooding 
was able to give food to a nestling whenever it rose up for it, and meals were well spread 
over the day until 2:30 p.m., after which the female, which was then sitting, delivered 
no more food. 

On March 28, when the two nestlings were about three to three and one-half days 
old, the female fed them about 15 times, totalling 39 mintues, and the male fed them 
10 times, totalling 42.5 minutes. The two parents together fed about 25 times and were 
so engaged for a total of 81.5 minutes. Early in the morning the female once fed the two 
nestlings simultaneously, but since they were still sightless, they did not often succeed 
in pushing their bills into her gape at the same time. By 10:30 a.m. I saw a nestling open 
its eyes a little, momentarily. By noon both could open their eyes, but throughout the 
day they were fed separately more often than together. On two occasions the male con- 
tinued to regurgitate for nine minutes with brief interruptions, mostly feeding the two 
young alternately but sometimes simultaneously. The longest feeding by the female 
lasted six minutes. The shortest feeding by the male continued about one minute, by the 
female, 20 seconds. On this day the female began to feed the young at 6:10 a.m., about 
sunrise. Each parent was able to give nourishment to the nestlings through most of its 
stay on the nest, but as noted above, both parents were absent from 1:20 to 3:51 p.m. 
After her return at 3:51, the female fed each nestling once, the last meal ending at 
4:06 p.m. 

On March 31, the nestlings, six to six and one-half days old, were in pinfeathers, 
had open eyes, and were not brooded except in the early morning, late afternoon and 
night. By then the method of feeding had changed greatly. On March 31 the female gave 
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them only five meals, totalling 12 minutes, the male fed three times, totalling 11 minutes. 
The two parents together regurgitated eight times and were so engaged for a total of 23 
minutes. Now the nestlings were mostly fed simultaneously but sometimes singly, espe- 
cially when they appeared to be not very hungry. Then one was sometimes slow in 
inserting its bill into the mouth of its parent, or its bill might drop out while the other 
young bird continued to receive food. The longest feeding by each parent lasted about 
54 minutes. The shortest by the male continued 35 seconds; by the female, 10 seconds. 
On this day the female, after brooding through the night, gave no food before she flew 
away at 6:43 a.m. During the morning the male came twice to the nest, fed the nestlings, 
and a minute or two later he flew away. The female came twice in the afternoon. On her 
first visit she fed once and flew away, but on her second visit she regurgitated four times, 
between 3:30 and 5:00 p.m., after which she stayed for the night. Her last feedings were 
brief. Now the parents seemed rather promptly to exhaust their supply of food, whereas 
while the nestlings were younger they distributed it over the day. 

In the Ruddy Quail-Dove (Oreopeleia montana) and the Ruddy Ground Dove, as 
in the Blue Ground Dove, the number of feedings received by the nestlings each day 
declined greatly during their first week of life (Skutch, 1949, 1956). In the quail-dove, 
this decline was even more rapid than in the Blue Ground Dove. In the Band-tailed 
Pigeon (Columba fasciata) , which is a larger bird and has a much longer nestling period 
than the foregoing species, a similar decrease in the number of meals was observed by 
Neff and Niedrach (1946), but in this case the reduction was only from three daily meals 
during the first week to two daily meals thereafter, for the single nestling. Only the male 
fed the young until after its twentieth day, when the female took a share. 

While sitting with their nestlings in front of them, each of the parent Blue Ground 
Doves would sometimes gently preen or bill the sprouting plumage of the little ones. But 
I never saw them remove their nestlings’ droppings. As we have seen, parents of this 
species while incubating are none too careful of the nest’s cleanliness. By the time the 
young fly, their nests are heavily soiled. I have not seen a Blue Ground Dove give a 
distraction display. 

The nest to which we have given most attention was pillaged when the nestlings were 
a week old. At a nest which I kept under observation in the following year, the young 
were nearly feathered when eight days old. By the evening of the following day, their 
nest was empty. The lining was not pulled up, as happens when clinging young birds are 
rudely torn from their nest, and apparently the nine-day-old doves had left by their own 
power. Yet it is possible that they had been frightened away by some marauder. Their 
remiges had been well developed on the preceding day. 


SUMMARY 


In Central America the Blue Ground Dove inhabits shady clearings and second- 
growth thickets in humid regions, chiefly at lower altitudes, although it has been recorded 
as high as 5000 feet above sea level. It forages on the ground, sometimes in small parties, 
but it is not truly gregarious. 

In the valley of El] General, Costa Rica, nesting begins in February, is at its height 
in March and April, and continues sparingly until September. The nest is placed in a 
tangled thicket or shady plantation, from three to 35 feet above the ground, but usually 
it is found from five to 12 feet high. In building, the female sits on the nest site and 
arranges the materials brought by the male, which as a rule stands on her back while 
laying them in front of her. But after incubation begins, the female may bring materials 
while her mate covers the eggs. The frail, slight nest may be completed in two or 
three days. 
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The set consists usually if not always of two white eggs, of which the second is laid 
between 7:00 and 10:00 a.m., about two days after the laying of the first. The doves 
spend much time on the nest before the set is complete. 

Both sexes incubate, the male taking one long session through the middle of the day, 
the female sitting the rest of the time. At one nest, the male’s daily periods on the eggs 
ranged from 4 hours and 16 minutes to 6 hours and 13 minutes, and the average for 7 
days was 5 hours and 8 minutes. Each partner interrupted its sessions very briefly, 
usually for no more than two or three minutes, probably to drink or to avoid soiling 
the nest. 

At one nest, the incubation period was about 14 days. 

For four or five days after the nestlings hatched, each parent came to the nest once 
daily, at about the same time that it had arrived while incubation was in progress. Brood- 
ing was at first practically continuous, but when the nestlings were three days old they 
were left exposed for 2% hours. When the nestlings were six days old and no longer 
brooded through most of the day, each parent came twice to feed them. 

While the nestlings were sightless, the parents usually regurgitated to one at a time; 
but after their eyes opened when they were slightly over three days old, they were usually 
fed simultaneously, from opposite sides of the parent’s mouth. The number of feedings 
in a day was 28 when the nestlings were one day old, 25 at three days, and eight at six 
days. The total time devoted to feeding on these days was 55, 8114, and 23 minutes. 

The parents permitted droppings to accumulate heavily on the nest and never gave a 
distraction display. 

From one nest the young departed at the age of nine days, but possibly they had been 
disturbed. 
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THE SIERRA MADREAN ELEMENT OF THE AVIFAUNA OF THE 
CAPE DISTRICT, BAJA CALIFORNIA 


By JOHN DAVIS 


The Cape district, or terminal third of the peninsula of Baja California, has long been 
recognized as an area especially rich in endemic species and subspecies of birds. The 
district, as defined by Nelson (1921:plate 31), includes that portion of Baja California 
lying south of a line, arching sharply to the north, from Santa Rosalia on the Gulf coast 
at latitude 27° 20’ N to Santo Domingo Point on the Pacific coast at latitude 26° 19’ N. 
Grinnell (1928:7) listed 46 species and subspecies of birds endemic to this region. Of 
these, 43 were considered by him to have arrived “from the north, . . . over continuous 
land, rather than from across the Gulf to the eastward.” The invasions of the Cape pre- 
sumably occurred “by way of its basal territory, from California, Arizona, and Sonora.” 
The hypothesis of northern (meaning not trans-Gulf) origin of most of the vertebrates 
endemic to the Cape district has also been expressed by Nelson (1921) and by Johnston 
(1924). In a later statement, Grinnell (1928:12) concludes that of all the areas of 
differentiation in Baja California, “it can be said that the Cape district appears to have 
acted most potently with respect to bird life, .. .” (italics mine). The idea is implied by 
Grinnell that there has been a marked differentiation in the Cape district of pioneer 
ancestral stocks, and that because of this differentiation, the avifauna of that region 
now includes an unusually large number of endemic forms. 

However, Oberholser (1919:211) pointed out that the distinctive Brown Towhee of 
the Cape district (Pipilo fuscus albigula), a form connected by a series of intergrading 
populations with the Brown Towhees of the Pacific coast of California, actually resembles 
P.f.mesoleucus of Arizona, New Mexico, and northwestern México more than it does the 
coastal races to the north, although mesoleucus on the one hand, and the Brown Towhees 
of California and Baja California on the other, are geographically isolated. Davis 
(1951:98) suggested that, rather than being a strongly differentiated endemic of the 
Cape district, albigula was actually a non-differentiate, a form which, far from being 
very distinct from the ancestral stock which pioneered in the Cape district, might actu- 
ally be rather similar to it. According to this viewpoint, it is the Brown Towhees of the 
Pacific coast that have diverged farthest from the original stock, leaving the towhee of 
the Cape district a relatively little differentiated relict contrasting sharply with them. 
It is the intent of this paper to consider the variational trends exhibited by the endemic 
species and subspecies of birds that occur, at least in part, in the mountains of the Cape 
district, and to test the “strong differentiate” versus “weak differentiate” hypothesis for 
this group. 

There is no fossil evidence from Baja California to indicate the history of the flora 
of that region. However, the mountains of the Cape district support a vegetation that 
contains a Sierra Madrean woodland element evidently derived from the Madro-Tertiary 
flora. As Axelrod (1958) points out, the occurrence in Miocene floras of southern Cali- 
fornia of fossil equivalents of modern woodland species of the Cape highlands, together 
with fossil equivalents of living species typifying the Californian flora, and fossil equiva- 
lents of recent species now occurring in the Sierra Madrean woodland in the interior 
southwestern United States and adjacent México, indicates that the Lagunan woodland 
of the Cape district is a segregate of the Madro-Tertiary flora. The presence in the Cape 
highlands of modern plant species of definite Madro-Tertiary affinities suggests that, 
after reaching the Pacific coast, the Madro-Tertiary flora, moving northwestward from 
northern México in the Miocene, spread down the entire peninsula of Baja California 








76 THE CONDOR Vol. 61 


and was replaced subsequently over most of the terminal two-thirds of the peninsula by 
the very rich desert flora found there today; the Sierra Madrean woodland element of 
the Madro-Tertiary flora persisted only in northwestern Baja California and in the 
highlands of the Cape district. This element, once widespread, probably provided the 
avenue of dispersal for Acorn Woodpeckers, Robins, White-breasted Nuthatches, and 
the other upland species found in the Cape highlands today. In many instances, these 
species are isolated from the nearest population of the same species or genus by a great 
expanse of unfavorable desert habitat. Since the Madro-Tertiary flora presumably origi- 
nated in northern México, it seems likely that the avian species associated today with 
the remnants of the Sierra Madrean woodland element in the Cape district actually fol- 
lowed this flora from northern México to the Pacific coast and thence south down the 
length of the peninsula to the Cape. Although various authors have stressed the fact that 
most of the vertebrate fauna in Baja California probably came from the north rather 
than across the Gulf of California, the birds presently associated with the Sierra Madrean 
woodland element seem especially favorable for consideration, as there is some historical 
evidence that suggests that these birds not only came from “the north,” but more 
specifically from northern México. The history of the Madro-Tertiary flora and the 
apparent correlation between the past movements of this fiora and the present distribu- 
tion of the Brown Towhee have been discussed by Davis (1951:96-98) and exemplify 
the kind of past population movements presumed typical for most of the species of birds 
found in the Cape highlands today. 

In the present analysis, consideration is given to those endemics of the Cape district 
listed by Grinnell (1928) which occur, at least in part, in the Laguna and Victoria moun- 
tains. In addition, the Warbling Vireo of the Cape district (Vireo gilvus victoriae) , de- 
scribed by Sibley (1940), is also considered. 


ANALYSIS OF THE AVIFAUNA 


Species with Mexican mainland affinities —Of the 17 species and subspecies consid- 
ered in this paper, 11 appear to have their closest relationships with related forms in 
México and the southwestern United States east of the Colorado River rather than with 
related forms on the Pacific coast of California. These are as follows: 

Columba fasciata vioscae. Band-tailed Pigeon. The distribution of this form is restricted to the 
mountains of the Cape district, in which it is a common breeding bird (Grinnell, 1928:104). Friedmann, 
Griscom, and Moore (1950:115) list it as resident in the oak belt of the Cape district, at times descend- 
ing into the foothills. Brodkorb (1943:19) recognized three races of Columba fasciata, exclusive of 
vioscae, which he did not consider. These are monilis, a large, dark race ranging from British Columbia 
to northern Baja California; fasciata, paler than monilis and with a shorter wing, ranging from the 
Rocky Mountains south to Guatemala; and /Jetonai, the smallest of the three races, intermediate in 
coloration between monilis and fasciata, and resident in the mountains of Honduras, El Salvador, and 
Nicaragua. There is thus a cline of decreasing wing length from northwest to southeast. In wing length, 
vioscae is similar to fasciata. In color, it is the palest of all races. This is especially noticeable ventrally, 
as the posterior underparts of vioscae are less washed with color and are more whitish. There is some 
individual variation in this character, however, and in some specimens of vioscae the ventral wash of 
color extends as far posteriorly as in other races. The population of the Cape district is further charac- 
terized by the virtual loss of the dusky band across the middle of the tail; this band is distinct in the 
other races. Of the three mainland races, vioscae is most similar to fasciata in size and color, and it 
differs sharply from the large, dark race monilis to the north. 

Otus asio xantusi. Screech Owl. According to Grinnell (1928:116), xantusi is a “common resident 
in the Cape district... . : Apparently occurs from the coastal lowlands (Arid Tropical life-zone) up to 
the tops of the Victoria Mountains.” This form is thus not restricted to the Sierra Madrean woodland 
element of the vegetation of the Cape district. Of the 21 specimens of xantusi in the Museum of 
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Vertebrate Zoology (exclusive of nestlings), only one was collected in the mountains; the remaining 
20 were collected at or below the 800-foot level. This suggests that xantusi is more common in the 
lowlands of the Cape district than in the mountains. Nevertheless, it is included here because it has 
been recorded from the mountains as well. Moore and Peters (1939:42) stated that xantusi was 
“nearest to sinaloensis”’ of southern Sonora and northwestern Sinaloa. Miller and Miller (1951:175) 
were of the opinion that the close affinity of xantusi and sinaloensis suggested by Moore and Peters 
“may be misleading,” 
lower Colorado River and the Colorado Desert. Otus asio quercinus, which-ranges from central north- 
ern California south to latitude 31°N in northwestern Baja California, is a far darker form than 
xantusi; cardonensis, which ranges from about latitude 31°N south to latitude 29°N in Baja California, 
is darker than either ywmanensis to its north or xantusi to its south. The relationships of xantusi are 
clearly with the races yumanensis, cineraceus, which ranges from southern Nevada and southern Utah 
south to central Sonora, and sinaloensis. It seems likely that xantusi has retained certain features of 
an ancestral population which reached the Cape district from northwestern México via the south- 
western United States, probably following the Arid Subtropical Scrub complex which existed as a 
border vegetation to the Sierra Madrean woodland element of the Madro-Tertiary flora (Axelrod, 
1950). 


and they believed that xantusi is closer in most features to yumanensis of the 


Hylocharis xantusii. Xantus Hummingbird. This well-marked form is a “common resident in the 
Cape district, where found from sea level to the tops of the highest mountains, though breeding most 
numerously, perhaps, in the mountains. . . .,” and it occurs “sparsely or locally, as far as latitude 29°” 
(Grinnell, 1928:134). Although H. xantusii is a very distinct form and probably represents a valid 
species mainly confined to the Cape district, its affinities are obviously with the White-eared Humming- 
bird, H. leucotis, which ranges from southern Arizona south to El Salvador, Honduras, and Nicaragua 
and is confined as a breeding species to highland regions. Xantusii and leucotis were at one time segre- 
gated in the genus Basilinna. Although now considered members of the genus Hylocharis, they are still 
retained in the subgenus Basilinna (American Ornithologists’ Union, 1957:307), and they differ from 
the other members of the genus Hylocharis in their possession of a white postocular streak and a black 
or dusky auricular stripe. There is no doubt that xantusii is a well-marked differentiate of the Cape 
district, but it is obvious from its similarity to leucotis that it has been derived from that form. Grinnell 
(1928:7) stated that H. xantusii was one of three species in the avifauna of the Cape district that 
most probably colonized that area directly from the Mexican mainland to the east. However, it seems 
even more probable that the population ancestral to xantusii may have pioneered from the Mexican 
mainland via the Sierra Madrean woodland element of the Madro-Tertiary flora, rather than from 
across the Gulf of California. The fact that xantusii is found today in arid tropical vegetation as well 
as in the vegetation of the highlands does not necessarily mean that the population originally colonizing 
the Cape region came directly from the east. If the ecologic requirements of the presumed ancestor, 
leucotis, have been at all constant through time, a direct colonization from the east would have 
entailed an invasion by a highland form, well removed from the coast, across the lowlands west of the 
Sierra Madre Occidental and across the Gulf of California before reaching the highlands of the Cape 
where it would find suitable habitat. If leucotis were today a bird that ranged, at least in part, into 
the arid tropical vegetation of the Mexican mainland, there would be more reason to assume a direct 
trans-Gulf invasion of the Cape district by this form. It seems much more likely that the pioneer 
“Basilinna” stock reached the Cape via the Sierra Madrean woodland element. 

Balanosphyra formicivora angustifrons. Acorn Woodpecker. This form is a “common resident in 
the oak belt on the mountains of the Cape district” (Grinnell, 1928:124). The races of the Acorn 
Woodpecker may be divided into two general groups. In the first, the breast band is virtually solid 
black, with very little white spotting and streaking posteriorly. This group includes bairdi, which 
ranges from Oregon to southern California, and martirensis, of northwestern Baja California. In the 
second group, the breast band is noticeably broken by white spots and streaks. Included in this group 
are angustifrons of the Cape district; formicivora, ranging from Arizona, New Mexico, and Texas 
south to the Isthmus of Tehuantepec, México; albeola, ranging from southeastern México to British 
Honduras; and lineata, which occurs from Chiapas to northern Nicaragua. Angustifrons thus appears 
to have closer affinities with the Acorn Woodpeckers of México and Central America than with the 
Pacific coastal populations to its north. In several characters, this race is distinct from all others. 











78 THE CONDOR Vol. 61 


The frontal band in angustifrons is by far the narrowest, the throat band is more intensely yellow, 
and this color continues up the cheeks and into the frontal band, which is yellow as opposed to white 
in other races. In female angustifrons, the red crown patch is markedly longer than broad antero- 
posteriorly, in contrast to other races. The nearest approach to angustifrons in this character is found 
in formicivora in the southern part of its range, and in lineata (albeola not seen). Despite these dis- 
tinctive characters, angustifrons has its basic affinities with that section of the species which is charac- 
terized by an interrupted breast band, and it diverges from the populations of the Pacific coast and 
northern Baja California in this character. 


Sitta carolinensis lagunae. White-breasted Nuthatch. This race is a “rather uncommon resident 
in the higher mountains of the Cape district” (Grinnell, 1928:221). In size, lagunae is noticeably 
smaller than alexandrae of the Sierra San Pedro Martir of northern Baja California. There is a cline 
of increasing size in nuthatches from north to south along the Pacific coast (Hawbecker, 1948:30-32), 
culminating in alexandrae. Between the latter and lagunae there is a noticeable decrease in size. In 
color, lagunae is noticeably darker than either alexandrae or aculeata to the north. It corresponds most 
closely to the dark races nelsoni, umbrosa, and mexicana, which range from the Rocky Mountains of 
Montana south through the Sierra Madre Occidental to the central plateau of México. Grinnell 
(1926:408) noted that “in certain respects (shape of bill, color of sides and flanks) lagunae resembles 
nelsoni and mexicana [including umbrosa] of the Rocky Mountain region of the United States and 
Mexico, rather than alexandrae and aculeata of the Pacific Coast region to the northwest.” 


Vireo huttoni cognatus. Hutton Vireo. Cognatus is a “common resident locally in the mountains 
of the Cape district proper” (Grinnell, 1928:195). In the general pallor of its coloration, this race 
differs sharply from typical huttoni, which ranges from British Columbia south to northwestern Baja 
California. It differs similarly from V. h. mexicanus of the central plateau and Sierra Madre del Sur 
of México, and from V. h. carolinae, which ranges from extreme southern Texas south to northeastern 
México. The obvious similarity of cognatus is to the pale race stephensi, which. ranges from south- 
eastern Arizona and southwestern New Mexico south in México to Nayarit and Zacatecas. Dorsally, 
cognatus is similar to stephensi, and ventrally it is even paler than that form. Cognatus and stephensi 
are sharply differentiated from all other races of Vireo huttoni in their pale coloration; cognatus is 
another endemic of the Cape district that diverges strongly from the populations to its northwest and 
resembles most closely the populations of northwestern México. 

Vireo gilvus victoriae. Warbling Vireo. The Warbling Vireo is a “fairly common breeding species 
in the higher parts of the Cape region. . . .” (Grinnell, 1928:194). The winter range of this form is 
unknown (Pac. Coast Avif. No. 33, 1957:231). Although Grinnell recognized the possibility that 
the Warbling Vireo of the Cape district might represent a distinct race, this was not described until 
1940 (Sibley, 1940:255). In his description of victoriae, Sibley noted that the brownish dorsal colora- 
tion of this race established it as a member of the integrating series connecting the northern “gilvus” 
group of vireos with the brownish “amauronotus” group of eastern and southeastern México. In com- 
paring breeding specimens of victoriae with similar specimens of swainsonii of the western United 
States exclusive of the Great Basin, leucopolius of the Great Basin, and brewsteri of the Sierra Madre 
Occidental south to Nayarit, it is apparent that swainsonii is separable from the other races on the 
basis of its olive-green coloration dorsally. Color differences among the other races are not striking, 
possibly because of the worn nature of the available material. However, as Sibley pointed out, 
leucopolius is definitely a gray form. Victoriae is closest to brewsteri in dorsal coloration, both being 
more brownish than either swainsonii or leucopolius. The relationships of victoriae thus appear to be 
with brewsteri; victoriae is distinguishable from that race, however, on the basis of wing, tail, and bill 
measurements. 

Pipilo erythrophthalmus magnirostris. Rufous-sided Towhee. This race is a “common resident of 
the mountainous portions of the Cape district” (Grinnell, 1928:181). The western races of Pipilo 
erythrophthalmus fall into two main groups. The races of the Pacific coast (exclusive of the island 
race clementae) are of a generally dark coloration. These populations range from British Columbia 
south to northwestern Baja California. The populations ranging eastward from interior California 
through the Great Basin, Rocky Mountains, and northern Great Plains, and south to the central 
plateau of México, are noticeably paler, with more olive or gray in the dorsal coloration. The affinities 
of magnirostris are clearly with this second group; the population of the Cape district is strongly 
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differentiated from umbraticola of northwestern Baja California, an obvious member of the Pacific 
coastal group of races. The western interior and Mexican races of P. erythrophthalmus are so variable 
in color that it would be speculative to point to any particular race as having especially close affinities 
with magnirostris. Yet it is obvious that the relationships of the latter are with the races to the 
northeast and east, and not with the populations of the Pacific coast. 

Pipilo fuscus albigula. Brown Towhee. Albigula is a “common resident, locally, in the Cape 
district, where occurring chiefly in brushy parts of the Lower Sonoran and Arid Tropical life-zones” 
(Grinnell, 1928:182). Davis (1951:15) noted that specimens of albigula from the Cape highlands are 
rare in collections whereas specimens taken at lower elevations are abundant. This race is considered 
here because it does range up into the mountains, even though its center of abundance seems to be in 
the lowlands. The resemblance of albigula to the Brown Towhees of northwestern México and the 
southwestern United States east of the Colorado River has been mentioned previously. The situation 
is discussed in greater detail by Davis (op. cit.: 43-45 and 94-98). 

Aimophila ruficeps sororia. Ruious-crowned Sparrow. This form is stated by Grinnell (1928:174) 
to be a “common resident locally in the mountains of the Cape district.” Sororia differs considerably 

from the nearest population to the northwest, canescens, which ranges from southwestern California 
to northwestern Baja California. In the general pallor of its coloration and in the much greater develop- 
ment of ventral white sororia is much more nearly similar to scottii of Arizona, New Mexico, north- 
eastern Sonora, and northwestern Chihuahua, and to simulans, which ranges in México from southern 
Sonora to Nayarit and from southern Chihuahua south through Durango and Zacatecas to Guana- 
juato. Van Rossem (1934:487), in his description of simulans, stated that this form is “almost exactly 
similar in coloration and size to Aimophila ruficeps sororia of Lower California,” from which it 
could be differentiated on the basis of smaller bill size. The affinities of sororia are clearly with the 
populations to its northeast and east, and not with the populations of the Pacific coast to its north. 

Junco bairdi. Baird Junco. This species is a resident of the Victoria Mountains at higher eleva- 
tions (Grinnell, 1928:170). As stated by Miller (1941:220), “Its affinities are not with the [dark-eyed] 
juncos of northern Lower California, but with the yellow-eyed forms of Mexico and Guatemala.” 
Bairdi shows resemblance in some characters to Junco alticola of southeastern Chiapas and south- 
western Guatemala, in others it resembles J. fulvescens of interior Chiapas, and in still others it 
resembles J. phaeonotus, which is resident from southeastern Arizona and southwestern New Mexico 
south to southern México. “Speaking broadly, it is a pale, dwarfed representative of the Central 
American juncos” (op. cit.:221). After making detailed comparisons between bairdi and the other 
species of the “Rassenkreis Junco phaeonotus,” Miller concludes that it is “problematical that affinities 
of bairdi are all with J. phaeonotus, although the resemblance still seems closer to that species than to 
alticola and fulvescens” (op. cit.:225). He was of the opinion (0. cit.:226) that the colonization of 
the Cape district by the stock ancestral to bairdi was from the south or east, but not by way of any 
land connection between the Mexican mainland and the peninsula of Baja California. At the present 
time, bairdi is one of only a few juncos “that breed under zonal conditions lower than Transition. . . . 
The nature of the region [which it occupies] compares most closely, as far as Junco-inhabited regions 
are concerned, with the Upper Sonoran oak belt of Arizona, which adjoins the habitat of [Junco 
phaeonotus| palliatus in the Transition Zone and which at times is invaded by that race” (op. cit.:225). 
It seems likely that Junco bairdi is another form of Mexican origin that followed the Madro-Tertiary 
flora from México to the Cape district and has retained a number of features which characterized the 
original pioneering population. 

Species with Pacific coastal affinities —The next group of Cape district endemics to 
be considered includes forms which clearly have their affinities with related forms found 
today on the Pacific coast to the northwest. This group includes three species, as follows: 

Aphelocoma coerulescens hypoleuca. Scrub Jay. Hypoleuca ranges “from the mangrove swamps 
and arid tropical vegetation along the coast up into the woodlands of the Sierra de la Laguna” (Pitelka, 
1951:247). The Scrub Jays of the Cape district are thus distributed widely beyond the limits of the 
Sierra Madrean flora of the highlands. The species occupies not only the Cape district and the north- 
western part of the peninsula, but the central part as well, from Yubay and Santa Rosalia Bay south 
at least to Loreto (latitude 26°N) and the west side of the Sierra de la Giganta. “In no other part of 
its relatively large area of distribution does A. coerwescens occur over so wide a range of environments 
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as in the Cape region” (op. cit.:247). The affinities of hypoleuca, and of cactophila of the middle part 
of the peninsula, are clearly with the populations of the Pacific coast. 

Psaltriparus minimus grindae. Common Bushtit. This race of the bushtit is a “common resident 
on the mountains of the Cape district” (Grinnell, 1928:224). The species limits of P. minimus are 
somewhat uncertain at the present time. Some taxonomists consider minimus as including the Black- 
eared Bushtit, P. melanotis, which ranges from southern New Mexico and western Texas south to 
Guatemala, and others consider minimus and melanotis as separate species. Considering the bushtits 
of North America and México solely on a population basis, and ignoring the formal taxonomic treat- 
ment of the miniatus and melanotis groups, it is evident that the bushtits of the Cape district have 
no affinity with the black-eared “melanotis” populations of México. The minimus group, which ranges 
from British Columbia and the Great Basin region south to the Cape district, northern Sonora, south- 
ern New Mexico, and western and central Texas, can be divided into two well-marked sub-groups; 
in one, the pileum is gray, concolor with the dorsum, and in the other the pileum is brown, contrasting 
sharply with the gray dorsum. The first group occupies the Great Basin region, and the second is 
distributed along the Pacific coast. Grindae clearly belongs to the second group, and its affinities are 
obviously with the populations to the northwest. 

Vireo solitarius lucasanus. Solitary Vireo. This form is a “common resident in the Cape district 
proper, occurring in the breeding season chiefly at the higher altitudes” (Grinnell, 1928:195). Lucasanus 
differs considerably from the races plumbeus, pinicolus, and repetens, which range from Idaho, Wyom- 
ing, Montana, and South Dakota south to southern México. The affinities of /ucasanus are clearly with 
cassinii of the Pacific coast; indeed, the intensity of yellow on the sides and flanks of lucasanus 
approaches the coloration of typical solitarius of the northeastern United States and Canada. It seems 
probable that Jucasanus was derived from an ancestral stock which invaded the peninsula of Baja 
California directly from the northwest. 

Strong differentiates of the Cape district.—The last group of species to be considered 
includes endemic forms which appear to be strong differentiates of the Cape region. 
These forms cannot be said to have particularly close affinities with other populations 
either to the northwest, northeast, or east. This group includes three species, as follows: 

Glaucidium gnoma hoskinsii. Pygmy Owl. This form is a “fairly common resident, chiefly on the 
mountains .. ., in the Cape district; occurs also north nearly to latitude 27°” (Grinnell, 1928:118). It 
is not confined to the Sierra Madrean woodland element of the highlands; it also ranges down into 
the desert vegetation at lower altitudes. The limited material available to me gives no idea of the 
range of color variation in this form. Hoskinsii is short-winged, and in this character it approaches both 
grinnelli of the Pacific coast and gnoma, which ranges from southern Arizona and Nuevo Leon south 
through the Mexican highlands to Chiapas. In color, hoskinsii is far paler than grinnelli. It differs from 
gnoma, and from californicum of interior California and the Great Basin and Rocky Mountain ranges, 
in the paler, browner, less blackish striping of the underparts. Its affinities remain obscure in the 
absence of more adequate material, and it seems possible that hoskinsii may be a well-marked differen- 
tiate of the Cape district. 

Contopus sordidulus peninsulae. Western Wood Pewee. This flycatcher is a “common summer 
resident on the Sierra de la Laguna, in the Cape district” (Grinnell, 1928:140). Peninsulae is a pale, 
short-winged, short-tailed, long-billed race. It is distinct from other populations of Contopus sordi- 
dulus, and it may represent a form which has diverged considerably from its ancestral stock. Any 
statements regarding the affinities of this form are purely speculative. 

Turdus migratorius confinis. Robin. This form is treated as a full species by most taxonomists. 
I follow Hellmayr (1934:354, footnote), who considered it “merely an excessively pale race of the 
Robin.” It is a “common resident in the mountains of the Cape district” (Grinnell, 1928:233). In 
appearance, confinis is so pale as to differ strikingly from all other races of Turdus migratorius. It 
obviously represents a well-marked differentiate of the Cape district. 


DISCUSSION 


Of the 17 endemics which occur, at least in part, in the Cape highlands, only three 
appear to be so distinctive that they may be regarded as having lost all obvious evidence 
of their relationship to particular modern populations of the same species. The remaining 
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14 forms, although they may have developed distinctive characters, presumably under 
conditions of isolation in the Cape district, have retained certain features which suggest 
that they have been derived from ancestral stocks which are found today either on the 
Pacific coast or in México and the southwestern United States east of the Colorado 
River. Of these 14, only three show any features which suggest a relationship to forms 
present today on the Pacific coast. The available evidence, then, suggests strongly that 
most of the highland endemics of the Cape district colonized that region from the main- 
land of México and the adjacent inland United States. When one considers the habits of 
the species concerned, it does not seem likely that such sedentary forms as Rufous-sided 
and Brown towhees, Rufous-crowned Sparrows, Acorn Woodpeckers, Screech Owls, and 
others, would have invaded the Cape region by an overwater, or even island-hopping 
route from the Mexican mainland. It seems more likely that these species reached the 
Cape either by a direct land connection from the Mexican mainland or by an overland 
route from northern México through the adjacent southwestern United States to the base 
of the peninsula, and thence south to the Cape region. 

The present evidence suggests that the Gulf of California and the peninsula of Baja 
California were blocked out in essentially their present form by early Pliocene (Ander- 
son, 1950:1). Any trans-Gulf colonization of the Cape region, that is, by a direct land 
connection to the east, would have had to occur by late Miocene at the latest. Such an 
overland invasion is made improbable in that only two of the 46 endemics of the Cape 
region listed by Grinnell (1928:7) can be thought of as being of west coast Mexican 
tropical origin. These are the Groove-billed Ani (Crotophaga sulcirostris pallidula), 
which also breeds in southern Sonora and may not be a Cape region endemic (van 
Rossem, 1938:91), and the “Mangrove Warbler” (Dendroica petechia castaneiceps). 
Had invasion of the Cape occurred via a land connection to the east, we would expect to 
find a greater number of Mexican west coast tropical species in the Cape region today, 
as suitable habitat for such forms existed as a border element to the Lagunan woodland 
by Miocene time. As Axelrod (1958) notes, arid subtropic scrub genera such as Acacia, 
Bursera, Cardiospermum, Condalia, Dodonaea, Erythea, Ficus, Karwinskia, Lysiloma, 
Morus, Passiflora, and Pithecolobium regularly occur with fossil representatives of the 
Lagunan woodland in the Miocene and Pliocene floras of southern California, and a 
number of these genera are prominent components of the lowland vegetation of the 
west coast of México today, from Sonora and Sinaloa south. The only alternative 
hypothesis is that a number of Mexican west coast avian species did invade the peninsula 
of Baja California via a direct land connection, but that they have subsequently disap- 
peared, a hypothesis for which there is no evidence at present. 

The pattern of variation found in 11 of the 17 endemics considered here is one in 
which a relationship is indicated between the populations of the Cape highlands and 
populations to the northeast and east. Between these apparently related groups there 
intrudes a series of populations in northwestern Baja California; these populations are 
evidently related to forms found on the Pacific coast to the northwest. This suggests 
that the pioneering populations which had invaded the Pacific coast began to diverge 
morphologically, probably as the generalized Madro-Tertiary flora in the Pacific coastal 
region became segregated into modern communities such as pine-oak woodland, chapar- 
ral, and desert scrub. In the Cape region, at least, the Sierra Madrean woodland element 
of the Madro-Tertiary flora has retained many of its original features. As Axelrod (1950, 
1958) has pointed out, such modern representatives of the Sierra Madrean woodland 
in the Cape region as Arbutus peninsularis, Ilex brandegeana, Populus brandegeei, and 
Quercus brandegei are represented by fossil equivalents in the Miocene of California and 
in the Pliocene of California and Nevada. Certain species found in the Cape highlands 
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today, including /lex brandegeana, Quercus albocincta, and Rhus hartmannii, are known 
elsewhere only from the Sierra Madre Occidental in Sonora and Sinaloa. Further, the 
occurrence of members of the Cape component of the north Mexican element of the Arid 
Subtropical Scrub Complex together with woodland species of the Sierra Laguna com- 
ponent of the Sierra Madrean woodland element in the Miocene and Pliocene floras of 
southern California is duplicated today by the modern ecotone in southern Baja Cali- 
fornia (Axelrod, 1950). “. . . Arid subtropic communities probably occupied the lower, 
warmer levels, with woodland on bordering slopes, relations of a type which occur widely 
in northern Mexico, including southern Baja California, today” (Axelrod, 1958). It 
seems most likely that most of the avian endemics of the Cape highlands have their 
closest affinities with forms to their northeast and east because the habitat in which 
these Cape endemics occur today has become relatively little modified from the habitat 
with which the ancestral stocks of these species were associated in México. In north- 
western Baja California, the western foothills of the Sierra Juarez and the Sierra San 
Pedro Martir support a vegetation that is clearly related to the flora of southern Cali- 
fornia. As might be expected, the highland avian endemics of northwestern Baja Calli- 
fornia show clear relationships with the populations of the Pacific coast to their north. 
The three endemics of the Cape district which are clearly related to Pacific coastal forms, 
Aphelocoma coerulescens hypoleuca, Psaltriparus minimus grindae, and Vireo solitarius 
lucasanus, evidently colonized the Cape region at a relatively late time, after considerable 
divergence from the ancestral stocks pioneering on the Pacific coast had occurred. 

The same type of variation is evident in other groups of animals. Thus, Hoffmeister 
(1951:77) stated that Peromyscus truei lagunae, the race of the pifion mouse endemic 
in the Laguna and Victoria mountains of the Cape district, most closely resembles P. t. 
gentilis, which occupies ‘“‘north-central Mexico from near the United States boundary 
southward along the cordillera to eastern Jalisco and central Guanajuato” (op. cit.:47). 
“The similarity to gentilis is so marked that the question arises as to whether the popu- 
lations of /agunae were not derived from the mainland of Mexico. Yet there is no evi- 
dence that the Cape and the Mexican mainland have been connected very recently 
geologically. Furthermore, the species P. truei does not now occur along, or near, the 
coast on the mainland opposite the Cape, so that there is, in addition to the width of the 
Gulf of California, a wide expanse of land separating the two subspecies. It seems more 
likely that the populations near the tip of Lower California resemble those of gentilis 
through parallel evolution. .. .” (op. cit.:77, 81). An equally valid hypothesis is that 
lagunae has been derived from a gentilis-like ancestral population which followed the 
Madro-Tertiary flora from northern México to the Cape district. Parallelism implies 
the morphological resemblance of two separated forms because physical similarities in 
the habitats which they occupy have engendered similar selection pressures on each 
population. When the habitats involved are completely unrelated and composed of 
elements of obviously separate derivation, parallelism seems to be a possible explanation 
of the morphological resemblance between the populations concerned. But when, as in 
this case, the habitats involved show evidence of common origin, and indeed contain 
identical vegetational elements, we cannot ignore the possibility that we are dealing with 
animal populations of common origin, and that the historical distribution of habitat, and 
of the animal populations associated therewith, may provide the explanation for the 
morphological similarity of the separate populations concerned. As Hoffmeister (0. cit.: 
81) stated: “The range of this race | P. t. lagunae| is coincidental with the local distri- 
bution of the Mexican pifon, Pinus cembroides ... . Interestingly, the pifion of the 
Cape region is the same as that of the mainland of Mexico, whereas the species to the 
north in the San Pedro Martir is Pinus edulis.” 
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Although it may be impossible to document fully the historical movements of a 
particular flora and the animals associated with it in the absence of abundant fossil evi- 
dence, we are not justified in ignoring whatever fossil evidence is available merely be- 
cause it is not complete. Although parallel evolution has often been invoked to explain 
the resemblances of separated populations, it is impossible to document such parallel 
evolution unless adequate fossil evidence is at hand to demonstrate the course of evolu- 
tion in the two groups concerned. Parallelism is often invoked when the only evidence 
for it is the similarity of discrete populations at a given point of time. It is admissible as 
a possible explanation only when all other alternatives have been exhausted. 

Finally, in assessing the ‘‘potency” with which the Cape district has acted on the 
birds of the highlands, one may say that the Cape region has acted “potently” indeed if 
the nature of the morphological variation in the endemics of the Cape district is ignored. 
In other words, if we are concerned merely with the number of recognizably distinct 
forms found in the Cape district, then it must be admitted that that region has been a 
particularly effective “center of differentiation.” On the other hand, the resemblance of 
most of the endemics of the Cape highlands to representatives of the same, or closely 
related, species in the interior southwestern United States and northern México, whence 
the stocks ancestral to the endemics of the Cape region presumably came, suggests that 
in certain features the birds of the Cape highlands have diverged less from these ancestral 
stocks than have the representatives of these same species on the Pacific coast. From 
this viewpoint, the Cape region has not acted “potently” but it actually constitutes a 
center of relatively weak differentiation, and presumably for the reason that the habitat 
with which the stocks pioneering into the Cape region were associated has been rela- 
tively little altered in the Cape highlands, whereas this same earlier habitat has become 
much more altered on the Pacific coast. 

SUMMARY 

Of the 17 species and subspecies of birds endemic to the highlands of the Cape dis- 
trict, Baja California, 11 show morphological resemblance to modern populations of 
México and the southwestern United States east of the Colorado River. Only three show 
resemblance to populations of the Pacific coast, and only three have lost any resemblance 
to other modern populations. 

It is suggested that the 11 forms resembling modern populations to their northeast 
and east colonized the Cape district from northern México, following the Madro-Tertiary 
flora as it spread from northern México across the southwestern United States and, pre- 
sumably, down the length of the peninsula of Baja California. 

The highlands of the Cape district today contain a flora which includes a prominent 
component of Madro-Tertiary affinities. It is concluded that the majority of the avian 
endemics in the Cape highlands show resemblance to Mexican populations because the 
vegetation of the Cape highlands has been relatively little altered since the initial inva- 
sion of the Cape district by the populations presumed ancestral to the modern endemics. 
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VARIABILITY IN THE ELECTROPHORETIC PATTERNS OF 
AVIAN SERUM PROTEINS 


By CHARLES G. SIBLEY and PAUL A. JOHNSGARD 


It has been known for more than 50 years that particular proteins characterize every 
species of plant and animal and that phylogenetic relationships are reflected in protein 
structure. The first application of this fact to taxonomic studies was by Nuttall (1901; 
1904) who used the precipitin reaction of immune sera to test degrees of relationship in 
over 500 species of animals. With refinements in technique have come many more 
serological studies and the results have justified the statement by Landsteiner (1945) 
that “chemical differences parallel the variation in structure’ and hence are useful in 
classification. 

The literature on serology is extensive but it has been summarized in the book by 
Landsteiner (1945) and the reviews by Boyden (1942; 1953). Some of the more recent 
papers are cited by Stallcup (1954), and Pauly and Wolfe (1957). 

The development of other methods for protein characterization has suggested that 
these too might be applied to systematics. Soon after Tiselius (1937) described his 
apparatus for the electrophoretic separation of colloidal mixtures Landsteiner, Longs- 
worth, and van der Scheer (1938) used it to compare the egg albumins and hemoglobins 
of five species of birds. Within the next few years there followed the studies by Moore 
(1945), Deutsch and Goodloe (1945), and Deutsch and McShan (1949). These authors 
investigated the plasma proteins of several species of reptiles, amphibians, fish, birds, 
mammals, and some invertebrates. They showed that electrophoresis could detect the 
species specific qualities of proteins and that similarity in proteins paralleled evolution- 
ary relationships. With the development of filter paper electrophoresis the procedure has 
been simplified and the study of Dessauer and Fox (1956) on the plasma proteins of 
more than 100 species and subspecies of reptiles and amphibians has been the most exten- 
sive to date. Others who have used paper electrophoresis include Zweig and Crenshaw 
(1957) who found specific characters in the serum proteins of turtles of the genus 
Pseudemys, and Starr and Fosberg (1958) who published the serum protein patterns 
of several species of sharks. Woods et al. (1958) used starch gel electrophoresis in a 
study of the sera of 19 species of invertebrates. 

The egg white proteins of birds have also been shown to be species specific and to 
produce excellent electrophoretic profiles. The papers by Bain and Deutsch (1947) and 
McCabe and Deutsch (1952) are the principal ones to date. The latter reported on 37 
species of birds and concluded that the method was applicable to taxonomic problems. 
Sibley has used paper electrophoresis in a study of the egg white proteins of more than 
300 species and has found the conclusions of McCabe and Deutsch fully justified. 

In 1956, when the senior author began the study described here, the purpose was to 
determine the uses and limitations of paper electrophoresis in avian taxonomy. Blood 
serum, rather than egg white, was chosen because of the relatively greater ease of 
obtaining material. The egg white studies mentioned above were initiated after the work 
reported here had been completed. 


METHODS AND MATERIALS 


The first studies were made on readily available species including several breeds of 
Domestic Fowl (Gallus gallus), Ring-necked Pheasant (Phasianus colchicus), Mallard 
(Anas platyrhynchos), Black Duck (Anas rubripes), Pintail (Anas acuta), and Redhead 
Duck (Aythya americana). A few other species were also studied including Red-tailed 
Hawk (Buteo jamaicensis), Rock Dove (Columba livia), Common Crow (Corvus 
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brachyrhynchos), European Starling (Sturnus vulgaris), Tree Sparrow (Spizella 
arborea) and Slate-colored Junco (Junco hyemalis). 

The larger species were bled from the wing vein using a hypodermic syringe and 
three to five milliliters of blood were extracted. The smaller species were bled from the 
jugular vein or by heart puncture and smaller quantities of blood were usually obtained. 
The sample was allowed to clot under refrigeration for from two to four hours, then it 
was centrifuged for 15 minutes at approximately 4000 rpm. 

The electrophoretic apparatus used was manufactured by the Spinco Division of 
Beckman Instruments, Inc., and consisted of a standard ““Durrum”’ cell (Model R), a 
constant current power supply (‘‘Duostat’”) and associated equipment for dyeing, 
rinsing and fixing the strips. The buffer used was the Spinco B-2, consisting of a mixture 
of diethyl barbituric acid and sodium diethyl barbiturate to provide a liter of solution 
with a pH of 8.6 and an ionic strength of 0.075. All separations were made at a constant 
current of eight milliamperes per cell during a period of 16 hours at room temperature. 
Each cell contains eight strips 30 mm. in width. 

Ten microliters of serum were placed on each of seven strips and the eighth received 
the same amount of a standard solution of bovine serum albumin as a control. Following 
the 16-hour separation the strips were dried in an oven at 110° to 120° C., dyed in 
bromphenol blue (six hours), then rinsed, fixed and dried according to the procedure 
specified by the manufacturer (Spinco Procedure A). The resulting dyed strips were 
analyzed by the Spinco Analytrol (Model RB), which “translates” the protein com- 
ponents into a pen-drawn curve, with the height of the curve being in direct proportion 
to the protein density at any given point. This apparatus has the additional advantage of 
providing an automatic integration of the area subtended by this curve, thus allowing a 
fairly easy calculation of relative protein densities for any portion of the profile. For 
purposes of quantitative analysis, the protein profile was divided into centimeter units 
measured in both directions from the point of application, and the mean percentage of 
each centimeter unit was calculated for a given sample. At the somewhat alkaline pH 
used, most blood serum proteins exhibited anodal migration. Under the existing stand- 
ardized conditions, identical proteins will occur at the same location on the strips and 
differences among strips must be interpreted as resulting from the presence of different 
proteins, or from differences in concentrations of the same proteins. No correction for the 
differential staining of albumin and globulins, as reported by Jencks, Jetton, and Durrum 
(1955), was made. The profiles presented here represent typical curves obtained for 
each sample group, and the superimposed histograms indicate the percentage of total 
protein found in each centimeter unit. 

For comparative purposes a “Difference Index” (abbreviated “D.I.”’) was devised, in 
the hope of providing an objective value for the protein profile differences existing be- 
tween two sets of protein percentage data. This index was obtained by subtracting mean 
protein percentages for each corresponding centimeter unit on both sides of the point of 
application, and totalling the differences for all centimeter units, without regard for the 
positive or negative value of these differences. The resulting single number is propor- 
tional to the difference between two compared profiles, but its validity is limited to com- 
parisons between geometrically similar curves and thus only closely related curves can be 
validly compared with this method. 


RESULTS 
Ring-necked Pheasant (Phasianus colchicus) 


The largest series of samples from a single species was obtained from pen-reared 
Ring-necked Pheasants provided by the Ithaca Game Farm of the New York State 
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Conservation Department. Males ranging in age from about two months to one year 
and females ranging from two months to two years of age were sampled. These data will 
be discussed according to age and sex groups. 

Ejight-to-sixteen-week-old males and females——Twenty samples from 18 juvenile 
female pheasants, and 14 samples from 12 juvenile males were obtained from July 2 to 10, 
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Fig. 1. Typical blood serum protein profiles and protein distribution histograms of Ring-necked 
Pheasants: a, b, juvenile males and females; c, d, one-year-old males and females; e, two- 
year-old females. Mean percentage of total protein per centimeter is indicated by histograms; 
each centimeter of height equals three per cent of total protein. 


1957. Sexual differences in the protein profiles of this age group are negligible (fig. 1a, 5), 
and a Difference Index value between the sexes of 10.82 was obtained. This age class 
is characterized by the smallest globulin concentration observed in any of the age and 
sex groups tested, accompanied by a correspondingly high value (26 per cent at centi- 
meter 8) in the albumin portion of the profile. The coefficient of variability for protein 
percentage in anodal centimeter 8 (peak albumin concentration) is 23.06 for males, and 
35.37 for females, a value which, although very high, was nevertheless the lowest ob- 
served in any age or sex class tested. Coefficients of variability obtained for anodal centi- 
meter 2 (in the beta globulin region) were 27.05 for males and 34.00 for females, which 
are not especially dif!-rent from the values obtained for the other groups for this fraction. 
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One-year-old males and females—Sixty samples from 47 one-year-old females and 
52 samples from 32 one-year-old males (fig. 1c, d) were collected from June 3 to 25, 
1957. These females were laying and this factor appeared to be responsible for the rela- 
tively large sexual differences in the serum protein profiles observed in this age class. 
The calculated Difference Index between one-year-old males and females was 25.22. This 
difference resulted largely from differences in albumin concentration, which was fairly 
high (20.54 per cent in centimeter 8) in males, and relatively low (14.12 per cent in 
centimeter 8) in females. The coefficient of variability for serum protein percentage in 
centimeter 8 was 46.34 for males and 57.27 for females, the latter being the highest 
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Fig. 2. Diagram showing protein profile relationships among age and sex groups of 
Ring-necked Pheasants. 


variability coefficient obtained in the pheasant groups. Beta globulin coefficients of 
variability (centimeter 2) were 35.79 for males and 30.25 for females, which also are 
relatively high values. 

Two-year-old females.—Although no two-year-old males were available for sampling, 
35 samples from 25 two-year-old female pheasants were obtained (fig. le) between June 4 
and 20, 1957. These birds, like the one-year-old females, were laying, and the low serum 
albumin levels (11.58 per cent at centimeter 8) attest to this fact. These were the lowest 
albumin levels observed in any pheasant group, but possibly they were not significantly 
lower than those of the one-year-old females. Conversely, the globulin levels tended to 
average slightly higher than those of the one-year-old females. Coefficients of variability 
were 47.54 for centimeter 8 (albumin region) and 18.33 for centimeter 2 (beta globulin 
region). 

Summary of data on Ring-necked Pheasant.—On the basis of Difference Indexes 
calculated among the age and sex groups of pheasants sampled, a model of protein profile 
relationships has been constructed (fig. 2). This model indicates the relatively high 
degree of similarity between the serum protein profiles of juvenile males and females, 
and between one- and two-year-old females, as well as the general intermediate nature 
of the one-year-old male samples. These relations exist as a result of the quantitative 
changes in albumin and globulin levels in the various age and sex groups. Thus globulins 
tend to increase progressively with age, paralleling increasing antibody formation as 
each individual is exposed to antigenic substances. Furthermore, females develop lowered 
albumin levels in the egg-laying period, which results in considerable quantitative varia- 
tion in the serum protein components during this period. These, however, are only gen- 
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eral trends manifested in mean values for large samples, and individual birds under 
various physiological stresses will show wide deviations from these means. 

A few samples of serum from adult Silver (Lophura nycthemera), Reeves (Syrma- 
ticus reevesi), Golden (Chrysolophus pictus), and Lady Amherst (Chrysolophus am- 
herstiae) pheasants were collected on June 25. The females of these species were laying 
at the time of sampling, and it is of interest that in all cases the female blood albumin 
levels were below those of the males, although only one individual of each sex was 
sampled. 


Domestic Fowl and Jungle Fowl (Gallus gallus) 

Two breeds of Domestic Fowl and their wild ancestor, the Red Jungle Fowl, were 
sampled. Fourteen samples from 13 adult male Red Jungle Fowl were obtained on July 
18, 1957, and the resulting mean protein profile percentages are shown in figure 3a. It 
will be observed that blood albumin levels in these males averaged somewhat lower 
(12.40 per cent in centimeter 8) than those of adult male Ring-necked Pheasants (20.54 
per cent in centimeter 8), and the globulin levels were correspondingly higher. It is of 
interest that, except for slight quantitative differences, these two profiles are more similar 
to one another than either is to the female profile of its own species. Furthermore, serum 
albumin mobility in the Jungle Fowl is essentially the same as in the pheasant and, as 
will be seen later, as in practically all birds tested. This is a strikingly different situation 
from that found in egg white (McCabe and Deutsch, 1952; Sibley, MS), where the 
mobility of the ovalbumin fraction may vary considerably among related species. This 
suggests that natural selection has favored a fairly uniform structure for the serum albu- 
min of bird blood, which in view of its function in osmotic regulation would appear to 
be a reasonable supposition. Common, McKinley, and Maw (1953) observed that the 
mobility of the albumin fractions of domestic fowl, goose, and turkey ranged from 94 to 
98 per cent of that exhibited by human albumin, at pH 8.6. On the other hand, egg 
albumin with its task of providing the proteins needed by the developing embryo, would 
probably be much more subject to selective pressures for species variability. 

Comparing the male Jungle Fowl serum protein profile with that of the female (fig. 
3b), it is seen that serum albumin levels in the females average somewhat lower (10.05 
in centimeter 8) than in males. These birds were occasionally laying but not so regularly 
as females of domestic breeds such as the Rhode Island Reds and White Leghorns 
(fig. 3c, d@) sampled. In the case of the Rhode Island Red females, 27 samples of which 
were obtained from 20 adults on July 11 and 12, average serum albumin levels at anodal 
centimeter 8 were 7.68 per cent. In all samples obtained on July 17 from 10 laying White 
Leghorns albumin levels at centimeter 8 averaged only 4.25 per cent. Thus it would 
appear that birds at maximum laying capacity are capable of being subjected to ex- 
tremely low blood albumin levels. 


Waterfowl 

Forty-nine samples from 49 adult male Pintails were obtained from June 26 to July 5, 
1957. During the same period, 13 samples from 13 adult male Redheads were obtained; 
these data are presented in figure 4a, b. These profiles, although from species usually con- 
sidered to belong to different tribes or subfamilies, are quite similar, and a Difference 
Index between them of 18.47 was calculated. The only other species for which sufficient 
data were obtained to allow comparison is the Mallard. Nineteen samples were analyzed 
from a single adult male over a period of several months and although they are thus not 
entirely comparable to data on the Pintails and Redheads, they are of interest. The 
Mallard serum protein profile (fig. 4c, d, e) shows little similarity to that of the closely 
related Pintail (D.I. 33.93) and indeed is much more similar to that of the Redhead 
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(D.I. 20.38). It is apparent that taxonomic conclusions based on such evidence would 
contradict all previously held opinions as to the evolutionary relationships in these birds. 

The best evidence to demonstrate seasonal shifts in blood protein concentrations is 
provided by samples obtained from female Mallards and Black Ducks. Fourteen adult 
female Mallards were sampled July 1 to 5, 1957, then were kept in captivity until 
November 13, when seven of these birds were sampled again. At the same time, nine 
females of the very closely related Black Duck were sampled. The resulting profiles 
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Fig. 3. Typical blood serum protein profiles and protein distribution histograms: a, adult male 
Jungle Fowl; b, adult female Jungle Fowl; c, adult female Rhode Island Red chickens; 
d, adult female White Leghorn chickens. 


(fig. 4f) are of considerable interest, since the profiles obtained from the samples taken 
in November of the Mallard and the Black Duck are more similar to one another (D.I. 
17.74) than are the Mallard profiles obtained in July to those obtained in November 
(D.I. 40.62), or the Black Duck profiles taken in November to the Mallard profiles taken 
in July (D.I. 35.20). An additional point is that serum albumin levels of the Mallard 
in July were considerably higher (29.86 per cent at centimeter 8) than either the levels 
of the Mallard (14.85 per cent) or the Black Duck (14.85 per cent) in November. These 
Mallards had completed laying in April, thus accounting for the high albumin levels by 
July, but apparently the birds were subjected to a seasonal shift to lower albumin levels 
by November. 


Other Species 

Various numbers of blood samples from other species of birds were analyzed during 
the period of study, and although the samples were often too small to have much com- 
parative value, species for which three or more samples were obtained are included (fig. 5) 
for the sake of completeness and also to indicate the range of serum protein variation. 
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COMMENTS ON SOURCES OF INTRASPECIFIC VARIABILITY 


Age.—On the basis of the data on the Ring-necked Pheasant, it may be said that 
relative blood globulin (including antibody) percentages tend to be lowest in juvenile 
birds and higher in adults, with a corresponding decrease in relative albumin levels. 
Brandt, Clegg, and Andrews (1951) observed that both alpha and gamma globulins, as 
well as total proteins, increase with age in domestic fowl. They observed little difference 
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Fig. 4. Typical blood serum protein profiles and protein distribution histograms: a, adult male 
Pintails; 6, adult male Redheads; c, adult male Mallard; d, e, adult female Mallards; 
f, adult female Black Ducks. 


in albumin or beta globulin levels correlated with age, thus possibly the reduced albumin 
percentages observed by us in adult birds simply reflect the relative increase in globulins 
with age. 

Sex.—Data from Ring-necked Pheasant and Domestic Fowl indicate that blood 
albumin levels show wide deviations between the sexes during the laying period when 
those of the female may be greatly reduced below those of males sampled at the same 
time. Sturkie and Newman (1951) observed similar effects of laying, and found that 
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Albumin/Globulin ratios are increased from 0.60 in non-laying birds to from 0.83 to 0.93 
in laying females. Males’ Albumin/Globulin ratios averaged 0.70, and total protein con- 
centration averaged less than in females. Brandt e¢ al. (op. cit.) found, when using 
certain buffers, an additional fast-moving component to be present in the sera of laying 
hens that had earlier been demonstrated by Deutsch and Goodloe (1945). Veronal buf- 
fer did not show it, since apparently the albumin fraction obscured it, and this possibly 
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Fig. 5. Typical blood serum protein profiles and protein distribution histograms: a, adult Red- 
tailed Hawk; b, adult Rock Dove; c, adult Common Crow; d, adult European Starling ; 
e, adult Slate-colored Junco; f, adult Tree Sparrow. 


explains why our data do not exhibit this extra component. This extra fraction, and the 
higher globulin levels typical of laying females, were obtained by Clegg e¢ al. (1951) in 
cockerels and a two-year-old male by the implanting of diethylstilbestrol pellets. 

Season.—Results of sampling from Mallards during July and November indicate 
considerable quantitative changes in serum profiles that apparently are attributable to 
seasonal variation. 
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Pathology.—This source of variability was not investigated by us, but a considerable 
amount of information has accumulated on the subject, particularly in the medical 
literature. Data from birds are more limited, but Goldstein and Scott (1956) observed 
that a decrease in total protein, particularly in the albumin fraction, occurred in chicks 
of Domestic Fowl with exudative diathesis, and Sanders, Huddleson, and Schaible 
(1944) observed a decrease in albumin and an increase in alpha globulin levels in 
Domestic Fowl afflicted with leucosis. They also observed a new component, closely 
related to gamma globulin, in several forms of this disease. Wall and Schlumberger 
(1957) found a great increase in the second-most mobile plasma component of the Grass 
Parakeet (Melopsitticus undulatus) in birds with tumors. Mammals also exhibit major 
quantitative changes in serum proteins when affected by disease and parasites (Gleason 
and Friedberg, 1953; Luetscher, 1947). The literature on human pathology has been 
summarized by Sunderman and Sunderman (1957) and by Jencks, Smith, and Durrum 
(1956). The former investigators analyzed the serum proteins from 183 patients affected 
by 21 categories of disease, and they observed that the most frequent deviations from 
normal sera involved a decrease in albumin and total protein, and an increase in gamma 
globulin, and, less frequently, alpha 2 globulin levels. Jencks et al. (op. cit.) also ob- 
served that infections and pathological conditions were normally accompanied by de- 
creased serum albumin and increased globulins; only rarely did they find the opposite 
true. 

Individual variation —Even by obtaining large samples of healthy birds of the same 
age and sex over a short period of time, such large coefficients of variability in quanti- 
tative measurements were found as to make it difficult to determine the species-specific 
characteristics of avian blood serum for taxonomic purposes. This high degree of indi- 
vidual variability in healthy birds was also observed by Wall and Schlumberger (1957). 


CONCLUSIONS 


If reliable quantitative measurements of avian sera are desired, sample size must be 
large, the birds must be healthy, and they must be separated by age and sex, just as in 
studies of morphological characters. 

Quantitative characteristics in avian sera are less reliable than qualitative ones, 
thus more weight should be given to the latter if comparative studies are undertaken. 

Blood serum profiles of different species of birds tend to be more alike in their 
qualitative composition than are egg albumen profiles, thus serum provides fewer sources 
of qualitative specific variation upon which to base taxonomic decisions than does egg 
white. 

SUMMARY 

The procedure and methods used in the electrophoretic separation of over 400 
samples of avian serum proteins are presented. Data from Ring-necked Pheasants, 
Domestic Fowl and several species of waterfowl indicate that the serum proteins vary 
quantitatively with age, sex, and reproductive condition. Variation associated with 
disease and nutritional levels is known from other sources. 

It is concluded that if avian serum proteins are to be utilized in taxonomy the investi- 
gator must use a large number of samples and the birds must be healthy and separated 
by age and sex classes. 
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DEVELOPMENT OF NESTLING WHITE-CROWNED SPARROWS IN 
CENTRAL COASTAL CALIFORNIA 


By RICHARD C. BANKS 


The White-crowned Sparrow (Zonotrichia leucophrys) is an abundant bird along 
the Pacific Coast. Although a survey of literature reveals many references to the White- 
crown, few major studies of the species have been made. Blanchard has been the chief 
worker and has described the general life history and breeding physiology (1941), be- 
havior (1936, 1941), and migration (1942) of the western races of the species. Most 
work on the White-crowned Sparrow has dealt with adult birds. Blanchard (1941: 
30-34) gives a brief description of the development of the young, but so far as I know 
there has been no other work done on nestling White-crowned Sparrows. 

In this report, the nestling life of Zonotrichia leucophrys nuttalli will be described 
from the time of hatching to the time of fledging. The local race of the Song Sparrow 
(Melospiza melodia gouldii) was studied concurrently, but much less successfully; 
however, some comparative data are presented. Preliminary work was begun in 1956, 
but the report covers only the nesting season of 1957. All field work was done on and 
around the campus of the University of California, Berkeley. 
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METHODS 


The techniques of this study were fairly simple. Early in the nesting season birds 
were observed and territories of nesting pairs were noted. An effort was made to locate 
as many territories and to find as many nests as possible. Once a nest was found, a close 
watch was maintained through the incubation period, and the time of hatching of the 
eggs was determined. Twenty nests were observed during the breeding season of 1957. 

When the young had hatched, they were observed twice daily. The birds were toe 
clipped for individual recognition at early ages. At every visit to the nest, each bird was 
weighed, general appearance and behavior were recorded, and the eighth primary was 
measured. Usually the young were color-banded before they left the nest. 

The usual nest site was in a clump of shrubs or vines in an extensive area of shrubs. 
Occasionally an isolated bush was used. Shrubby areas along walls, fences, or buildings 
were preferred to equally dense areas away from such structures. The nest was normally 
quite close to the structure, often within a foot, even though suitable shrubbery extended 
over a larger area. A bank of higher bushes or trees seemed to be a good substitute for 
a wall. The selection of such nest sites may have been based only on availability; in a 
highly landscaped area, such as a university campus, most heavy shrubbery is near walls 
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or buildings. However, many hedges and shrubby areas away from these artifacts ful- 
filled, to my eyes, the needs of nesting White-crowned Sparrows, but they were not util- 
ized. Blanchard (1941) notes that nests in isolated bushes were always near more exten- 
sive shrubbery, but she does not mention proximity to a wall as a factor in nest site 
location. 

The male White-crown uses as many as three singing perches during nesting activi- 
ties. It was noted that usually one of the perches was in high shrubbery, or atop a wall, 
almost directly over the nest. This circumstance aided substantially in locating nests in 
known territories. 

APPEARANCE OF YOUNG 


The following descriptions of young White-crowned Sparrows represent composite 
pictures. Individual variation occurs in the timing of the appearance of certain features. 
These descriptions are compiled from daily field notes and from young of known age 
collected and preserved in alcohol. 

The ages are given in days. Despite the nightly fast, the rate of development in all 
respects except weight seemed to be fairly constant over a 24-hour period. The first 
number in parentheses indicates the number of field observations on birds of a given 
age; the second number refers to collected specimens of that age. More specimens were 
collected than are indicated later. Most were collected at the midpoint of the 24-hour 
interval used in calculating age. An attempt was made to collect at least one bird at each 
age considered. The actual number collected fell somewhat short of this goal, but a series 
without serious gaps was secured. All birds found dead in nests were preserved. In most 
instances the birds died at night, and their ages were recorded as that of the time of my 
last visit to that nest. 

Age 0 days (18-1).—The transparent pink skin soon turns yellowish, and the mouth lining, origi- 
nally a deep pink, turns bright red. Down is usually found on the coronal, occipital, dorsal, humeral, 
alar, and femoral tracts (terminology after Saunders, 1956:122). The amount and length of down on 
each tract varies from one individual to another. Faintly dark spots, indicating feather papillae, may 
be seen beneath the surface of the skin of most newly hatched young, on the alar (primaries) , humeral, 
dorsal, and coronal areas. Spots in the primary region are often coalesced, appearing as a dark streak. 
Other feather tracts, especially the ventral tract, may be discernible in some individuals, but they 
are not dark. 

Many other species at hatching show juvenal feather papillae marked by pigment. The robin, 
Turdus migratorius (Howell, 1942:571), Traill Flycatcher, Empidonax traillii (King, 1955:161), and 
House Sparrow, Passer domesticus (Weaver, 1942:183) are in this group. Conversely, the Tree Spar- 
row, Spizella arborea (Baumgartner, 1938:70) and the Black-capped Chickadee, Parus atricapillus 
(Odum, 1941:529) show little or no sign of developing feathers. Variation in respect to the degree of 
development of these feather papillae occurs in White-crowns, and presumably in other species. 

Age 1 day (25-1).—After one day the spots representing the papillae of future primaries have, 
in all birds, become darker and have merged, giving the appearance of a dark streak along the fore- 
arm. On other tracts the previously noted spots are darker, and additional spots show. In some birds, 
also, darkening of the crural tract, usually as two rows of spots, becomes evident. The ventral tract 
is normally well evident but shows no darkening. 

Age 2 days (25-0).—This stage is marked by the closer approach of the primary papillae to the 
surface of the skin, so that the skin shows a series of bumps. On a few two-day old birds the outer 
primaries have actually broken through the skin. Blanchard (1941:30) first noted this on the third 
day, but I found that in most birds the feathers protruded by 2% days. 

All previously mentioned tracts are now well marked with dark spots. In addition, the ventral 
tract is beginning to darken anteriorly, especially on the throat, where the parts of this tract join. 

Age 3 days (23-0).—The inner primaries, secondaries, and alula soon follow the outer primaries 
in emerging from the skin; they are all out at three days, but of course still sheathed. Some of the 
greater primary coverts may also be out. 
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Interspecific variation may be seen in the order and time of appearance of feather sheaths. In the 
Traill Flycatcher, King (1955:161-162) recorded the secondaries as the first to break through the 
skin, with the pectoral (= ventral), spinal (= dorsal), and humeral tracts showing exposed sheaths 
before the primaries emerge. The Ovenbird (Seiurus aurocapillus) at this age shows feather sheaths 
on all tracts but the caudal (Hann, 1937:177). Three-day old robins have no feathers through the 
skin (Howell, 1942). An extremely rapid development occurs in the Summer Tanager, Piranga rubra 
(Fitch and Fitch, 1955) where by the third day the quills of the remiges measured 11.5 mm. 

Age 4 days (14-2)—All greater coverts are out and a few lesser coverts are through the skin. 
The inner rows of sheaths along the anterior edge of the wing have emerged, as have some of those 
of the humeral tract. Some sheaths on the thigh (femoral tract) have erupted. At least part of the 
ventral tract shows sheaths through the skin. This tract erupts first anteriorly, at the junction on the 
throat, and develops posteriorly. However, the upper throat and chin lag behind the rest of the ventral 
tract. The crown feather sheaths are barely out of the skin; those at the base of the culmen are clearly 
evident, but they are not quite through. Supercilliary, auricular, and other minor facial tracts are not 
yet emergent, but they are clearly defined. The occipital region and the entire back have sheaths show- 
ing. Normally the middorsal saddle is ahead of the upper and lower parts of the back, both in time 
of sheath appearance and in length of the sheaths. Light-colored sheaths are out along the front 
(anterior) of the crural tract; dark spots still show at the sides of this tract. 

Age 5 days (20-2) .—At this age many of the birds have their eyes open, at least part of the time. 
All the major pterylae have most or all their sheaths out, and some sheaths of the minor facial tracts 
are through the skin. Rectrices and upper tail coverts have not yet emerged, but show as dark areas 
beneath the surface of the skin. The feathers of the anal circlet are not yet through the skin. 

In White-crowns at age five days, no feathers have yet burst the sheaths. This seems also to be so 
in many other birds of similar size. The robin, however, in which the sheaths were relatively late in 
coming through the skin, shows broken sheaths in several tracts at this age (Howell, 1942:574—-575). 

Age 6 days (17-0).—As early as 54% days some feathers of the dorsal and ventral tracts have 
broken their sheaths. Many other sheaths, including some on all tracts, show light-colored tips, indicat- 
ing that they are ready to burst. It is to be noted that the alar feathers, although first to emerge from 
the skin, are not the first to rupture their sheaths. The first sheaths to be broken are those of the 
ventral tract, particularly light-colored ones in the posterior region of this tract. Feathers of the 
humeral tract also rupture very early, at about the same time as the ventral feathers. Sheaths of the 
mid-back are also broken at about 5% or 6 days of age. In fact, during the half-day between visits 
at this stage, all the previously mentioned tracts may show sheath rupture. On some birds a few of the 
femoral tract feathers may also show. This may likewise be true of a few secondary coverts; the outer 
ones are the first to appear. 

In feathers about to break through, the sheath tip first lightens in color. Some sheaths, notably 
of the remiges, split along the side instead of breaking at the tip. As a feather continues to grow, the 
sheath remains about its base for many days; young birds leaving the nest still have sheaths on most 
feathers, indicating that the feather growth is incomplete. 

At six days of age, also, the rectrices and tail coverts have broken through the skin as sheaths. 
Indeed, all tracts except the anal circlet and underwing coverts have normally produced their full 
complements of exposed sheaths. 

Feather development is not always symmetrical. On one six-day old bird the main alular feather 
on each wing was extruding from its sheath. On another of the same age only the right wing showed 
an alular sheath broken. One individual had two greater secondary coverts out on the right wing, but 
only one on the left wing. Other examples could be cited. Usually the lag involved is not great, but 
it is most pronounced in the primaries. 

Age 7 days (14-0)——The major change that takes place at this age is the bursting of the distal 
parts of the sheaths of some of the primaries. There appears to be no definite order in which the pri- 
maries break through, and no definite span of time over which the rupture of all primary sheaths 
takes place. The two wings act independently in this respect. Almost any combination of unsheathed 
primaries may be seen. It is likely that the breaking of the primary (or other) sheaths may be partly 
independent of the stage of feather growth and that the sheath may break as much as a result of 
external pressure or friction—brushing against the nest or nestmates—as of internal pressure of the 
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growing feather. This explanation may apply also to the greater primary coverts, which are becoming 
free at this age, too, and which show as much variability as do the primaries. 

The secondaries and their coverts, on the other hand, normally are constant in the order of rup- 
ture. The outer secondary sheaths break first; this occurs at seven days. The others follow shortly. 
Some of the feathers of the occipital region are also free by this age, and a few crown feathers may 
have broken their sheaths. Most feathers of the dorsal tract are out, with those of the mid-back 
farthest beyond the sheath tip. On femoral, crural, and humeral tracts, most feathers are freed ter- 
minally. Almost all ventral feathers are out, except for those on the throat. On some individuals, the 
rectrices and upper tail coverts are breaking their sheaths; the order here is usually from outer toward 
inner. Probably feathers of these tracts, with the exception of the tail, are less subject to abrasion 
than are the primaries and primary coverts, and a natural breaking of the sheath by internal pressure 
occurs. The outer tail sheaths are longer than the inner ones, and probably suffer more from abrasion. 

The seventh day is the time of primary sheath rupture in some other species that have been 
studied. The Black-throated Green Warbler, Dendroica virens (Pitelka, 1940:7) and Traill Flycatcher 
(King, 1955:162) reach this stage at age seven days, but the Prothonotary Warbler, Protonotaria 
citrea (Walkinshaw, 1938:42) and House Sparrow (Weaver, 1942:184) are a day earlier. The Barn 
Swallow (Hirundo rustica), Cliff Swallow (Petrochelidon pyrrhenota), and Eastern Phoebe, Sayornis 
phoebe (Stoner, 1935, 1945, 1939) first break primary sheaths on the ninth day, and the Black-capped 
Chickadce (Odum, 1941:529) is even later. 

Age 8 days (13-0) —At this age all remiges and their coverts are usually broken through their 
sheaths. The area of greatest change is the crown. By eight days most coronal feathers are out, only 
those closest to the base of the bill remaining ensheathed. Toward the nape the light central stripe is 
beginning to appear. On most other tracts, virtually all feathers have emerged but are still growing. 

Age 9 days (9-2).—Feather covering is adequate tor its role in temperature regulation at this 
time. The young birds could leave the nest, but normally they remain another day or so. The free 
part of the greater primary coverts is long enough to hide the basal sheaths of the primaries. The 
crown stripe is plainly evident, with even the feathers at the base of the bill free from their sheaths. 
Over the entire body few sheaths can be seen. The ventral feathers are nearly long enough to cover 
the large ventral apterium. Feathers of the throat and chin, and of the minor tracts of the head, have 
mostly broken their sheaths, but they are barely out of the sheath tips. 

Howell (1942:575) mentions that feathers of the crural tract and anal circlet of the robin appear 
without external sheaths. This is also noted by Weaver (1942:184) for some alar feathers of the House 
Sparrow. This seems to be true in the anal circlet of the White-crowned Sparrow as well. 

Age 10 days (0-1).—One nest was found in which the young were better developed than fledging 
birds in all other nests observed. Blanchard (1941:31) gives the usual fledging age as 10 days. From 
these two considerations, the age of the one bird removed from this nest was estimated as close to 
10 days. 

There were few differences between this bird and those observed at nine days except that most 
greater primary covert sheaths had completely disappeared, giving an appearance of nearly complete 
feathering of the wing. Under these coverts the primary sheaths remained on the basal third of the 
feathers. No sheaths were seen on the crural tracts. 

The validity of some of the comparisons with previously published material dealing 
with other species may be open to question at the present time. Correlation between 
development and length of nestling life, on an interspecific level, awaits a proper sum- 
mary of the wealth of published material. Comparative material used here deals entirely 
with other passerine species. Developmental data on gallinaceous birds (Sumner, 1935), 
birds of prey (Sumner, 1933), a duck (Weller, 1957), and various domestic fowl (Milby 
and Henderson, 1937) are available, but it is felt that attempted comparison would be 
meaningless at this time because of the many differences between these birds and the 
passerines mentioned here. 

BEHAVIOR 


The following descriptions of behavioral traits of nestling White-crowned Sparrows 
are compiled from field notes made concurrently-with those on growth. 
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In species with highly concealed nests, behavior of the young can be observed only 
by disturbing them, and many of the behavioral traits recorded are, therefore, in rela- 
tion to an unnatural situation. Some traits, however, are probably invariable, particu- 
larly in very young birds. In older nestlings certain traits may be modified by handling, 
and certain others, inherent but not normally manifest without disturbance, may be 
revealed. Nevertheless, since these reactions would probably be similar whatever the 
nature of the disturbing influence, and since disturbance per se is not necessarily abnor- 
mal, these descriptions may indicate usefully the main events in behavioral development. 

Age 0 days.—The position maintained at hatching is what Blanchard (1941:30) refers to as the 
“egg position.” The head is bent under the fore part of the body and the legs are stretched forward; 
the bird rests on its abdomen. A similar posture was noted in the Traill Flycatcher by King (1955: 
161) and in the Prothonotary Warbler by Walkinshaw (1938:41). It was also seen in Song Sparrows 
that I observed, and it is probably common to all altricial birds. 

A very strong gaping reaction was present. The neck was outstretched, mouth wide open, for a 
short time; then the resting position was resumed. 

Age 1 day.—There is very little change during the first day. In gaping, some birds stretched to 
a nearly erect position and seemed almost to balance on their tails; others did not rise to an erect 
position to gape, the weight remaining on abdomen and toes. Gaping in the nest is not hazardous, but 
when held in my hand some birds stretched up so far that they fell backward. One bird even gaped 
from this awkward position. They could not right themselves. 

In the Ovenbird (Hann, 1937:176) and Prothonotary Warbler (Walkinshaw, 1938:41), gaping 
occurs as a response to noise. In White-crowned and Song sparrows this action was apparently stimu- 
lated only by movement, such as jarring of the nest (Blanchard, 1941:30). Merely waving a hand 
over a nest without touching the nest or the supporting shrubbery did not elicit a response. No sounds 
made by me or by the excited parent birds appeared to act as a stimulus for gaping. It appears that 
the gaping response is dependent on a much simpler stimulus at early ages than the tripartite stimulus 
described by Tinbergen (1951:41) for 10-day old thrushes. 

Age 2 days.—There was evident at this age a slight difference in the posture of the young birds. 
The head was held more erect than earlier. In one nest the three young rested their heads on the re- 
maining unhatched egg. Two birds at this age lay on their sides. At this time the first effective righting 
movement was noted, by which a bird lying on its side or back could move to the normal position 
of rest on its ventral surface. 

Interspecific variation occurs in the age at which the righting response becomes evident. The 
Long-billed Marsh Wren (Telmatodytes palustris) can right itself shortly after hatching (Welter, 
1935:26) ; this ability in Ovenbirds was noted by Hann (1937:161) on the day of hatching. 

Age 3 days—NMost birds cannot yet hold themselves erect, although at 2% days one bird held its 
head up between gapes. The eyes are beginning to open at this time. One bird uttered a faint squeak 
while gaping; this is the youngest age at which I heard sounds from any White-crown. The Ovenbird 
(Hann, loc. cit.), Robin (Howell, 1942:571), and Eastern Phoebe (Stoner, 1939:34) all give audible 
sounds shortly after hatching. On the other hand, the first sounds from young Tree Sparrows were 
noted at five days of age (Baumgartner, 1938:74). 

Age 4 days.—At this age some young birds clung to the nest lining when I tried to remove them. 
One bird exhibited this reaction at 3% days. Blanchard (1941:30) states that this action began at 
about 4 days in the White-crowns that she studied. This character is probably related to the working 
of the toes mentioned by Hann (1937:176), which action appeared much earlier in Ovenbirds. 

Age 5 days——The positions maintained by the young birds until now all included a hanging of 
the head or an extension of the neck. At five days a new posture, crouching, was seen. In this position 
the head was retracted, and the birds sat more erect. In the nest this position replaced gaping when 
the birds were disturbed by my visit. Not all birds assumed this position this early; when removed 
from the nest, some still lay in my palm with head and neck extended, and nearly the entire ventral 
surface was in contact with my hand. 

This crouching position may indicate the beginning of a fear response. It appears to be correlated 
with the complete opening of the eyes. Correlation of the development of fear and the opening of the 
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eyes was noted by Odum (1941:530) in Black-capped Chickadees. Baumgartner (1938:74—75), al- 
though mentioning that responses in young Tree Sparrows were more discriminate after the opening 
of the eyes (at five days), correlates the fear reaction “with the development of physical independence” 
at 7% to 8 days of age. 

At five days the first sounds other than begging notes were heard. One bird gave what seemed 
to be a protest note when replaced in the nest. 

Age 6 days.—By this time most of the nestlings would crouch quietly in the nest rather than 
gape. Gaping did occur, when the nest was jarred rather sharply, but in general it was less noticeable 
than on previous visits. The birds were extremely active, and often their movements on the balance 
pan made weighing difficult. 

Age 7 days.—A large number of the birds now gave protest notes when handled. A slightly dif- 
ferent note, seemingly a fright note, was heard from one bird at 6% days. The usual resting position 
now is an erect one in which the weight rests on the abdomen, tarsi, and toes. Crouching has almost 
entirely replaced gaping when the birds are disturbed. However, the gaping reaction to my presence 
never completely disappeared. 

Age 8 days—No new development was noted at this age. Birds were generally more active on 
the balance pan than in my hand. Possibly that activity was a result of the coolness of the pan. 

Age 8% days —The first concerted escape attempt occurred at this age. Although most birds still 
sat on tarsi and toes, two birds stood erect on their toes. 

Blanchard (1941:32) gives two instances of birds returning to the nest on the day they left it. 
Ages of these birds are not given, but presumably they had left the nest under natural conditions. In 
the many nests which I observed in 1957 I did not note this, but it did occur once in May, 1956. A 
bird of uncertain age, probably 8 to 8% days old, jumped from my hand and disappeared into the 
viney tangle of brush around the nest. Its three siblings remained in the nest despite the commotion 
raised by the escaped bird and the adults. About one hour later I revisited the nest and found all four 
young birds present. 

Age 9 days ——Most activity in birds of this age was directed toward escape. Usually their attempts 
failed, and when they were replaced in the nest they would become calm and would remain. One indi- 
vidual at nine days performed what may have been a threat display. While sitting quietly in my hand, 
facing away from me, it turned its head toward me and opened its mouth widely. This was not con- 
sidered to be a begging action; the head was not raised and no sound was heard. An eight-day-old 
Song Sparrow gave a similar display. This bird also looked directly at me and opened its mouth widely. 
This was repeated after a few moments, and the second display was accompanied by notes that seemed 
different from either begging, protest, or fright notes heard earlier. 

Visits to the nest were usually stopped when the birds reached the age of nine days in order to 
prevent premature departures from the nest. Considering the numerous escape attempts and the find- 
ing of a nest containing young birds obviously older than the oldest birds in nests which I followed, 
it seems certain that my visits did cause premature departures. This belief is strengthened by Blanch- 
ard’s (1941:31) statements that the birds she observed left the nest when touched after the eighth or 
ninth day, and that the usual age for leaving the nest is 10 days. My observations on Song Sparrows 
were similar to those on White-crowned Sparrows and are in accord with Nice’s (1937) comments. 
These findings are at variance with Lack and Silva (1949:64-65) and King (1955:160-161) who indi- 
cate that repeated visits to the nest, beginning at the time of hatching, inhibit the natural fledging 
reaction of disturbed young in the English Robin (Erithacus rubecula) and Traill Flycatcher, re- 
spectively. 

Table 1 summarizes the material on first appearance of certain behavioral traits in 
White-Crowned Sparrows in relation te age. 


GROWTH 


In the following discussion, all birds are considered to have hatched at dawn or at 
dusk, corresponding roughly to the times of my visits to the nests. This age determina- 
tion is believed to be accurate within limits of about two hours. It is possible to deter- 
mine fairly accurately, mainly by the dryness.of the natal down and by skin color, 
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Table 1 


Appearance of Behavioral Traits in Nestling White-crowned Sparrows in Relation to Age 


y g gs ¥ 3 og, 88 2 ge 
— x — > 
Age in days oO wz me oO Qe oO me ws we Bo 
0 Xx 
1 
2 X 
3 Xx 
4 X 
5 x x 
6 
7 Xx 
8 
8Y X Xx 
9 Xx 


whether a bird had been hatched for longer than a few hours. Those birds known or 
believed to have hatched toward the middle of the day were disregarded in the cal- 
culations. 

The actual time of my visits to the nests varied throughout the season, as day length 
increased. Birds were weighed as near dawn and dusk as possible. Weighing the birds 
before the first morning feeding and after the last evening feeding was considered pref- 
erable to maintaining a strict 12-hour interval. Although the attempt to weigh at these 
times was not completely realized, discrepancies introduced by daylight and activity 
before and after weighing were minimized. 

Birds were weighed in the field to a tenth of a gram. No effort was made to remove 
detectable fecal sacs, as was done by Mewaldt (1956), and no correction was made for 
defecation by some birds prior to weighing. Any error introduced by the presence or 
absence of fecal material is considered slight. 

A full day was considered to extend from dusk to dusk, and for purposes of growth 
rate calculation and comparison morning weights were disregarded. A bird hatched in the 
evening was considered to have lived for one day at the following dusk. Likewise, a bird 
which hatched at dawn was considered to have lived for one day by the evening of the 
day it hatched, when it was in reality only one-half day old. This technique is permissible 
for several reasons. All food utilized in posthatching growth is delivered to the young 
birds during daylight hours. Blanchard (1941:29) saw a female White-crown begin “‘to 
gather insects within two hours after the young hatched.” A two-hour lag in feeding 
would be enough to prevent a bird hatched late one day from receiving such food sooner 
than another hatched the following morning. 

For the first few days of nestling life, morning weights of birds are very close to 
weights of the same birds on the preceding evening. Later in life the nestlings lost weight 
over night. 

It must be emphasized that calculations of average growth rates are based on dusk- 
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Fig. 1. Mean daily weights of nestling White- Fig. 2. Mean daily weights of nestling White- 
crowned Sparrows with range of variation, crowned Sparrows with range of variation, 
arithmetic scale. logarithmic scale. 


to-dusk days lived by the birds, not on age per se. Plots of daily weights of individual 
birds were made on semilogarithmic graph paper. It was apparent that the growth of 
these nestling White-crowned Sparrows is not logarithmic, that is, the line connecting 
the plotted points cannot be approximated by a straight line. Instead, there is a gradual 
curve to the right, indicating a progressive decrease in relative growth rate (see fig. 2). 

The data, therefore, were treated in two ways. The first and simplest method was the 
calculation of the daily increment or gain, expressed in grams per day. The formula 
W.-W; 

to — ty 
a later time, t.. Since calculations were for daily periods, tz — t; always was equal to 1, 
and the expression became simply G= W. — W,. This method shows differences in 
absolute gain on a day-to-day basis. 

A more effective method of analyzing growth data is to consider the gain relative to 
the weight of the bird at the time of gain. Brody’s formula (1945:508) for this instan- 
taneous relative growth rate is inapplicable to non-logarithmic growth such as is found 
in the White-crown. However, if the constant K is replaced, this formula can be modi- 
Mb R= 29° "3 = = 
to natural henetiidess sud aied on a daily basis to give a figure, R, for the average of 
the growth rates manifest during each day. This figure is valid for comparisons between 
individuals and between days if it is assumed that growth during any one day is logarith- 
mic, even though over the entire nestling period it is not. This method was also used by 
Dawson and Evans (1957). 

Individual variation Although the averages of the daily weights for all birds show 
an increase which compares favorably to the daily increase for any individual bird 
(figs. 1,2), there is a large amount of variation in the weights of birds in any age group. 
This variation is summarized in table 2. The range of weights for every age overlaps the 


used was G = -, where W, is the weight at time t,, and Wz is the weight at 


(2.3 being a factor to convert logarithms to the base 10 
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range for younger and older birds; in many instances this overlap spans more than one 
day. For example, a bird weighing five grams might be either two or three days old; a 


Table 2 


Mean Daily Weights of Nestlings of Zonotrichia leucophrys in Grams 


Sample Mean with 

Age size standard error Range 

0 19 2.44.04 2.1- 2.8 
1 26 3.5.09 2.8- 4.4 
2 22 5.44.17 3.2- 7.3 
3 19 102227 4.4- 9.9 
4 19 10.3+.32 6.5-13.0 
5 19 12.8+.40 8.8-15.6 
6 16 15.5+.47 12.3-18.8 
7 16 16.9+.49 13.2-21.6 
8 16 18.1+.55 14.8-23.5 
9 14 19.0+.62 14.5-22.7 


bird weighing 15 grams could be from five to nine days of age. It is evident that weight 
alone is not a good criterion for ageing nestling White-crowned Sparrows. 

A certain amount of individual variation in daily weight, as in any other character, 
is to be expected. However, the magnitude of variation observed in these White-crowns 
is beyond that expected. Investigation of several factors may explain this diversity. 

Differential food-gathering activity of various pairs of parent birds would lead to a 
larger food supply, greater gains, and higher daily body weights in birds of one nest 
compared to birds of another brood. Food available in the various territories may vary 
in quality or quantity; this could be reflected in the weights of the young birds. Differ- 
ences in individual growth patterns, possibly genetically controlled through metabolic 
activity, might also be responsible for some variation in daily weights. There is no direct 
evidence from this study to support any of these suppositions. It is felt, however, that 
all three possibilities are extremely likely, if only because of the normal variations found 
in all wild populations. But unless, by chance, the above three factors occur in a definite 
relationship to one another, that is, with less active parents giving lower quality food to 
genetically slower growing young, their effects would tend to cancel one another. 

One factor, however, may offer an explanation for much of the observed variation. 
More rapid growth of nestlings later in the season would tend to increase the spread, 
especially in the last few days of nestling life. The range of variation in birds seven, 
eight, and nine days old is noticeably greater than in birds six days of age or younger, 
and the range increases throughout the period of nestling life, as expected. As is shown 
beyond, a slight increase of average growth rates did occur during the season. Although 
the sample of April birds is far too small to permit one to draw definite conclusions, a 
comparison of the range of variation in daily weight of April birds to that of May birds 
indicates both more spread and higher average values for the May birds. 

Variation with age.—The daily values of the average growth rate, R, and increment, 
G, are given in table 3; the relationship of one to the other may be seen in figure 3. The 
values shown are derived by averaging the daily values of R and G for all birds. 

The average growth rate is greatest on the second day of life. There is a gradual 
decrease in R through the sixth day, and on day seven the value drops sharply. The 
average growth rate then decreases more slowly during the remaining days of the nest- 
ling period. The daily increment, on the other hand, increases slowly during the first six 
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Table 3 


Mean Growth Rates and Weight Increases in Nestlings of Zonotrichia leucophrys 


Mean 
Day of Sample growth 
life size rate (R) Mean increment (G) 
1 22 4112+.022 1.2.09 grams 
2 24 .421+.013 1.8.02 
3 21 354.012 2.32.13 
4 18 .283+.017 25245 
5 19 233.012 2.62.15 
6 19 .212+.019 2.94.17 
7 19 104.012 1.1.20 
8 19 .064+.016 1.3.20 
9 17 .040+.056 0.74.27 


days of life, then decreases sharply to a lower value for the seventh and eighth days. 
The lowest value for G is on the last day of nestling life. Although the data from Song 
Sparrow observations are not numerous enough to warrant mathematical treatment, a 
similar trend is apparent. 
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Fig. 3. Mean growth rates (R) and weight increments (G) in Zonotrichia leucophrys in 1957. 


The decrease in daily gain during the later stages of nestling life is difficult to under- 
stand at first, even though it occurs in many other species as well. About four days after 
the hatching of the eggs, the male White-crown begins to assist the female regularly in 
feeding the young (Blanchard, 1941:29). Baumgartner (1938:76), Hann (1937:182), 
and Nice (1937:130) all report increases in feeding activity as the young birds they 
studied grew older. Presumably this is true also in White-crowns, and very likely it is so 
in all passerine species. 

Why, then, if the young birds are getting more food each day during the later stages 
of the nestling period, do they gain less weight? Part of the answer must lie in the fact 
that this period, from the seventh day on, is one of. very rapid feather growth and devel- 
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opment as well as one of increased physical activity. A similar conclusion was reached 
by Paynter (1954:107). Presumably food brought to the young at earlier ages supports 
growth of body tissue, but at later ages it also supports feather growth and maintenance 
of body temperature. Certainly the amount of heat produced metabolically is greater 
than previously (Kendeigh and Baldwin, 1928:276-277). The fact that over-night 
weight decreases are greatest in later phases of nestling life indicates that energy sources 
are being more fully utilized. Edson (1930) postulated a relationship between weight 
recession and feather development in the Violet-green Swallow (Tachycineta thalassina). 

Variation during the season——The usual progression of the avian breeding season 
in California involves an increase in air temperature and a decrease in rainfall. These 
changes favor insect life as the season progresses, and a better food supply for young 
birds is presumably available later in the spring. Also, the longer daily period of light 
increases the amount of time spent by the adults in gathering food for their young. Pre- 
sumably, too, lower night temperatures in April would affect adversely the growth of 
nestlings more than would May night temperatures. Under these circumstances, a higher 
value for R, the daily average growth rate, would be expected later in the season. 

By taking averages of the daily individual R values over the nine-day nestling period, 
we can obtain figures which will serve as indices of growth rates for a number of birds 
in particular intervals of the nesting season. Data treated in this way for the two months, 
April and May, are summarized in table 4. 


Table 4 
Growth-rate Indices for Nestling White-crowned Sparrows at Berkeley, California 
Month Time of Surviving nestlings only All nestlings 
weighing 
Number of Index Number of Index 
rates rates 
April a.m. 51 0.194 67 0.195 
p.m. 48 0.217 58 0.222 
May a.m. 49 0.252 58 0.249 
p.m. 85 0.243 117 0.225 


Examination of pairs of corresponding indices for the two months (for example, 
April a.m. versus May a.m.) reveals considerable differences between members of all 
pairs except the one based on afternoon weights of all nestlings. The fact that these dif- 
ferences occur seems to indicate seasonal variation in growth rate. The highest indices, 
it should be noted, are obtained from data based on weights of birds hatched in May. 

The fact that a difference in growth exists between birds in April and in May is 
further indicated by a comparison of weights of survivors at ages 8% or 9 days. Although 
the number of weights available is small, the difference between the months is striking, 
as the following summary shows: 


Month April May 
N 6 9 
Mean with standard error 17.6+1.08 gms. 20.2 +0.90 gms. 
Range 14.5-21.7 gms. 18.2—22.7 gms. 


Only one bird in April weighed more than the average for May, and no bird in May 
was as light as the average for April. A t-test shows that the difference between the means 
is highly significant at the 95 per cent level (t = 2.52). 

Thus, the growth rate of nestling White-crowns appears to be higher in May than 
in April. Although nestlings were found in March and June, also, data obtained from 
these birds are too few to permit examination of growth rate over the entire breeding 


season. 
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Correlation with clutch size —Of the six observed clutches in which young birds of 
known age attained fledging age, four contained three young each and two held four 
young each. If, as in the preceding section, average values for all daily growth rates are 
taken as an index of growth over the period of nestling life, there is no suggestion that 
birds from clutches of three (index value 0.228) and from clutches of four (index value 
0.231) differ in rate of growth. 

Lack and Silva (1949:71—72) also concluded, in their study of the robin (Erithacus 
rubecula), that brood size does not influence growth. They considered weight, however, 
rather than rates. In explanation, they postulated that the lack of difference might be 
due to unusually good conditions for insects during the years of their study. Although 
no observations on the quantity of food available for young White-crowns were made 
in my study, I feel that the unusually wet spring of 1957 offered somewhat poorer than 
average conditions. 

Growth of flight feathers —The sheaths of primaries of most of the nestling White- 
crowned Sparrows which I observed extended a measurable distance beyond the skin for 
the first time on the fourth day of life; on one individual, these sheaths were out on the 
third day, and on a few others, emergence was delayed to the fifth day. The eighth pri- 
mary of each bird was measured each time a nest was visited. Measurements were to 
the nearest millimeter, with half-millimeter intervals being estimated. The data are 
summarized in table 5. 

Table 5 


Growth Rate of Eighth Primary in Zonotrichia leucophrys 


Day of 

primary Sample Mean with 

growth size standard error Range 
i 24 2.4.15 mm. per day 1.5-3.5 
2 21 3.42.24 2.0-5.0 
3 21 3.8+.11 2.0-4.5 
a 21 3.82.11 3.0-5.0 
5 15 3.9.11 3.0-5.0 
6 7 3.44.19 3.0-4.0 


After an initial period of 1 to 1% days, primary growth was rapid and fairly con- 
stant. Often by the time the young birds were 8% to 9 days old, and ready to leave the 
nest, the eighth primary had reached a length of 20 mm. or more. The impression in 
the field was that the primaries grew about 4 mm. in any 24-hour period. Later analysis 
showed that this estimate was high, but only slightly so. Primary growth, as feather 
growth in general, seemed to be continuous and not restricted to daylight hours. 

Primaries grew most rapidly on the fifth day of their growth, increasing, on the 
average, 3.9 mm. The third and fourth days were also periods of rapid increases in 
length, with mean increments of 3.8 mm. The low value for the sixth day may indicate 
a trend toward slowing of feather growth at fledging time, or it may be an artifact due 
to the inadequate sample. 

The outer rectrices of only a few birds were measured. These feathers normally 
extended a measurable distance beyond the skin at six days of age. By the time of my 
last visit, at nine days, the outer rectrices of one bird had attained a length of 9 mm. 


SUMMARY AND CONCLUSIONS 


Young from 20 nests of the White-crowned Sparrow (Zonotrichia leucophrys nut- 
talli), found during the 1957 breeding season in Berkeley, California, were weighed and 
observed daily. From records of these observations, day-by-day accounts of develop- 
ment of external morphology and behavior have been prepared. 
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At hatching, dark spots representing feather papillae are visible beneath the skin 
surface on the alar, humeral, dorsal, and coronal tracts of White-crowns. External 
feather sheaths first appear when the birds are 24 to 3 days of age. The first rupture 
of these sheaths occurs at age 51% or 6 days. At 7 days of age, the tips of the primary 
sheaths begin to break. Feathers of the anal circlet appear without visible external 
sheaths. 

Gaping is replaced by a crouching posture at 5 or 6 days of age. A threat display 
was given at age 9 days. Young White-crowns may leave the nest at the age of 8% days, 
if disturbed, but under normal conditions do not fledge until about 10 days old. 

Growth rates were calculated in terms of actual increase, in grams per day, and on a 
relative basis. Evidence is given showing that there is a slight increase in growth rate as 
the season progresses. The wide range of variation seen in daily weights may be at least 
partly explained by this. 

The largest relative gain occurs during the second day of nestling life. A gradual 
decrease in relative gain occurs throughout the remaining nestling period. The actual 
weight gain, however, gradually increases until the greatest gain occurs on the sixth day. 
The decrease in both actual and relative gain on the final three days of nestling life is 
probably due to a shift in the energy budget, as more food is utilized in the production 
of feathers and heat than is converted to flesh. 

No correlation of growth rate with clutch size was found. 

After an initial slow start, feather growth is rapid and constant. Primaries grew at 
a maximum rate of 3.9 mm. per day; rectrices grew as much as 9 mm. in three days. 
Although weight increases occured only during daylight hours, feather growth continued 
throughout the day. 
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THE WINTER SOCIETY OF THE OREGON JUNCO: INTOLERANCE, 
DOMINANCE, AND THE PECKING ORDER 


By WINIFRED S. SABINE 


In an earlier paper the writer has described the assembly and integration of two 
winter flocks of the Oregon Junco (Junco oreganus), one observed in the Deep Springs 
Basin in Inyo County, California, and the other in Seattle, Washington (Sabine, 1955, 
1956). Such winter flocks are stable in membership, with remarkably little absenteeism 
day by day, and the flock has a definite foraging circuit in which its members move, 
though the flock does not always move as a unit. The present paper is a study of close-up 
social relations between individual birds within the same two flocks or, in other words, 
of intolerance and dominance. The materials and methods used were those described in 
the earlier studies, the indispensable feature of the method being the color marking of 
the birds in such a way that each could be readily distinguished as an individual. A still 
earlier paper (Sabine, 1949) showed that intolerance and dominance in a winter flock 
of Slate-colored Juncos (J. kyemalis) are similar to those here described in the Oregon 
Junco though not in all respects identical with them. 

The pattern of dominant and subordinate behavior displayed by foraging juncos has 
three main characteristics. 

1. Even when the birds are not individually recognizable, casual observation shows 
a continuous display of behavior between pairs of juncos that in appearance is hostile— 
pecks and runs by one bird and retreat, avoidance, or occasional resistance by another. 
The words “peck” and “retreat” are used as shorthand expressions for a considerable 
variety of behavior, which will be described later. The bird which by pecking can induce 
another to retreat is said to be dominant to that bird, and the bird which retreats is said 
to be subordinate. As here used these words are meant to carry no presumption about 
the motivation of this behavior, of actual hostility or aggression or object-directed com- 
petition between birds related as dominant and subordinate. For reasons given later the 
writer believes that description of dominant-subordinate behavior in the junco may be 
distorted by any such presumption. 

It is a distinctive feature of this behavior that it invariably takes place between two 
birds at a time and two only. The writer has never observed a case in which more than 
two birds appeared to be involved at once. Dominance-subordination in the junco is 
therefore a two-individuals relation within an assemblage of juncos. These twosomes 
hereafter will be referred to as “‘pairs’’ but nothing is implied regarding sex of either 
member. 

2. When juncos are so marked as to be individually recognizable, it becomes apparent 
that the dominant-subordinate relation is, in a very large proportion of cases, permanent; 
the dominant bird of the pair is always dominant and the subordinate bird is always 
subordinate. It is true that in a winter flock of juncos a certain number of “reverse 
pecks” are observed; that is, cases in which a bird shown in a considerable number of 
contacts to be dominant is pecked by a bird that is generally its subordinate. As will be 
explained later, most such reverses occur sporadically and do not affect the relation- 
ship. But there are also a very few cases in which the order of the birds in a pair seems to 
be reversed, or in which the birds seem to be evenly balanced. These cases will be dis- 
cussed later. In general, however, pair relations are fixed and stable. This fact was 
observed also in the case of the Slate-colored Junco (Sabine, 1949), and it has been noted 
in many species. It seems reasonable, therefore, to regard the permanent pair relation as 
an important factor in the social organization of the junco. 

3. Within any group of wild, free-living juncos there is a linear order or ordinal 
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scale of dominance. As with some domestic birds the pair relations of juncos can be 
arranged in a pecking order of characteristically hierarchical or straight-line form. There 
is an alpha bird which can peck all others, a beta bird that can peck all but the alpha 
bird, and so on down to an omega bird that can peck no other. There are, to be sure, 
exceptions to this general rule, namely, triangular relations such that A pecks B, B pecks 
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Fig. 1. The scale of dominance for 27 birds of the feeding station flock at Deep Springs. 


C, and C pecks A. These will be discussed later. The pair relations in these triangles are 
as permanent as those in the more common linear relations, though they violate the 
ordinal scale. 

A linear pecking order is evidenced by a significant predominance of triplicate rela- 
tions that fall into a transitive order over those which do not. There is no necessary 
relation between the permanence of pair relations and the possibility of arranging them 
in a linear hierarchy, though sometimes it seems to be assumed that there is (e.g., Collias 
and Taber, 1951). A pecking order might exist such that every bird in it was involved in 
a triangle. Such a state, or an approximation to it, has been observed in a mixed group 
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of free-living juncos and Tree Sparrows, Spizella arborea (Sabine, 1949), in a group of 
captive cocks (Masure and Allee, 1936), and in a group of hens of different breeds 
(Potter, 1949). 


DESCRIPTION OF THE FIGURES 
In deciding that an observed contact between two birds provided evidence of domi- 


nance or subordination, the following criteria were used. Every contact recorded was 
observably two-sided: the peck was a positive approach or gesture by one bird, taken to 





































































































Fig. 2. The scale of dominance for 18 birds of the dairy flock at Deep Springs. 


be dominant, and the retreat was a positive withdrawal by another, taken to be subordi- 
nate. One-sided contacts, in which the subordinate seemed merely to avoid, were frequent 
and commonly agreed with the evidence afforded by complete two-sided contacts. But 
what looked like avoidance might be merely a random movement made in foraging, and 
since the initial purpose was to establish with certainty the existence of a hierarchy, 
avoidance was not counted as a proof of the relation between two birds. For reasons to 
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be given later this choice does not imply the conclusion that they were not indicative of 
the relation. No contact recorded in the figures was such that either the peck or the 
retreat could be regarded as inferential. 

All contacts in which the outcome was not entirely clear to the observer were of 
course excluded. The ritualized fights usually fell in this category, because in the flurry 
of the event the two birds often could not be distinguished, or often both birds perched 
so that there was no clear evidence as to which was dominant. In some cases, however, a 
fight occurred between two birds whose pair relation was already well proved, and the 
subordinate left the station or the dominant returned to the feeding place where the fight 
started. If similar behavior was observed between two birds of unknown or not well 
authenticated rank, it was presumed to indicate dominance and was so recorded. Apart 
from relatively clear cases of these two kinds, fights were not counted. Fights of any sort 
made up an inconsiderable portion of the contacts observed. 

The figures summarize the quantitative aspects of the data on pair relations and the 
pecking order, figures 1, 2, and 3 for the birds at Deep Springs and figure 4 for those at 
Seattle. The letters are symbols for the color markers (as R for red) and give the names 
of the individual birds. The top horizontal row of letters arranges the birds in the order 
of their rank in the hierarchy with the alpha bird at the left. The left-hand vertical 
column gives the same list with the alpha bird at the top. The Arabic numerals record the 
number of contacts observed. Thus, for example, figure 1 may be read from left to right 
as follows: ND was observed to peck RN four times, CB ten times, and so on across. Or 
the figure may be read down: SA was pecked by ND twice, by RN six times, and so on 
down. ND was regarded as having the highest rank because it pecked all the birds with 
which it came in contact and these included all the other high-ranked individuals. SA, on 
the other hand, was subordinate in all of its pair relations. 

It is evident that in a figure thus constructed, all the numbers would fall in squares 
above a diagonal drawn from the upper left to the lower right-hand corner, if the pecking 
order were purely linear with no triangles or reverse pecks. Hence the numbers entered 
below the diagonal record irregularities, exceptions to a linear pecking order or possibly 
to the permanence of dominant-subordinate relations. It is convenient to refer to rela- 
tions recorded above the diagonal as regular and those below as irregular. The occurrence 
of irregularities often makes it necessary to decide which of two possible arrangements 
gives the closest approximation to a smooth scale of dominance, since the position to 
which each bird is assigned is finally determined not only by its relation to adjacent birds 
but to all others. The principle followed in making the figures is that the arrangement to 
be preferred is that which gives the smallest number of significant entries below the 
diagonal. 

Some numbers below the diagonal are marked with a superscript R to signify a 
reverse peck. It is intended also by the use of this symbol to indicate a distinction 
between data regarded as incomplete (roughly a quarter of the pair relations recorded 
in figures 1 and 2) and data deemed to be reasonably adequate to show which bird of a 
pair was probably dominant. The observer of free-living wild birds has no control over 
what is presented to him, and inevitably data relative to some pair relations are lacking 
or scanty. Moreover, to make trustworthy observations of contacts between small, swift- 
moving birds, the observer must focus his attention on a relatively small portion of the 
feeding station at a time; anything that happens outside that portion is lost. It is esti- 
mated that the contacts observed were probably about a quarter to a third of those that 
actually occurred at the station. If no contact was observed between two birds, the square 
in which that contact would have been recorded is blank. If the number of contacts 
observed was very small, the number was recorded but it was not regarded as conclusive. 
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Fig. 3. The scale of dominance for 42 birds 
of the total flock at Deep Springs. 
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Fig. 3 continued. See opposite page. 











116 THE CONDOR Vol. 61 


The distinction was drawn between cases where 3 or more contacts were observed and 
those where 2 or fewer were observed, since inspection of the data suggested that this 
was a reasonable dividing point. Thus, if the number above the diagonal is 1 or 2 with 
no record below, or if the number above the diagonal is 0, 1, or 2 with 1 or 2 below, no 
symbol is inserted, but if as many as 3 contacts are recorded, reverse pecks are indicated 
by an R beside the number below the diagonal. For example, in figure 1, OG pecked CT 
twice while CT pecked OG once and no symbol is used, but JO pecked PS 6 times while 
PS pecked JO once, and the symbol R appears against the number 1. 

A number larger than 3 below the diagonal with a small number of the corresponding 
square above the diagonal usually indicates the existence of a triangle or triangles. There 
are also a few pairs that call for special remark, which will be supplied beyond. 

The number of contacts recorded is as follows: 


Number Per cent 

Figure 1 

Regular 2414 90.8 

Irregular 245 9.2 

Total 2659 100.0 
Figure 2 

Regular 439 95.9 

Irregular 19 4.1 

Total 458 100.0 
Figure 3 

Regular 3945 90.6 

Irregular 410 9.4 

Total 4355 100.0 
Figure 4 

Regular 1954 90.1 

Irregular 215 9.9 

Total 2169 100.0 


COMMENT ON THE FIGURES 


The total flock at Deep Springs was formed by the amalgamation of two flocks that 
were originally separate (Sabine, 1955). One assembled at the feeding station at the end 
of the fall migration and was resident there throughout the winter (referred to as the 
feeding station flock). The other (referred to as the dairy flock because it was first seen 
near the dairy barn) originally had its own foraging circuit; but on December 7, 1948, 
it combined with the feeding station flock, abandoned its foraging circuit, and adopted 
that of the feeding station flock. The amalgamation was complete, with no show of hos- 
tility by the birds of one flock toward those of the other. The feeding station flock was 
thus in possession of the foraging circuit for a month or more before the dairy flock 
moved in. Figure 1 records the quantitative data on dominant-subordinate relations and 
the pecking order in the feeding station flock. In all, 30 birds were marked (Sabine, 1955, 
table 1); but three disappeared almost as soon as observations began. Of these one is 
known to have died and the others probably fell prey to predators. Figure 1 includes the 
remaining 27 birds. Figure 2 gives a similar record for the 18 members of the dairy flock. 
These data are relatively meager. For reasons explained in the earlier article, the color 
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marking of these birds was delayed, and only about three weeks of observation remained 
before the beginning of the spring migration. 

Figure 3 gives the scale of dominance for the birds of the total flock at Deep Springs. 
It consists of 42 birds rather than 45 because three birds (AD, JD, and RS) included in 



























































































































































Fig. 4. The scale of dominance for 26 birds of the flock at Seattle. 


figure 1 had disappeared before the amalgamation took place. Figure 3 repeats the entries 
of figures 1 and 2 and adds the contacts between a bird of the feeding station flock and 
one of the dairy flock. To permit such contacts to be readily distinguished, a Roman I 
has been placed against the names of birds belonging to the feeding station flock and a 
Roman II against the names of birds belonging to the dairy flock. 

Figure 4 is a record of dominance and the pecking order for the 26 birds composing 
the flock studied at Seattle. The composition of this flock differed in two respects from 
that of the flocks at Deep Springs: (a) Since juncos at Seattle are resident as well as 
migrant, a distinction could be drawn between 12 birds that appeared to be residents 
and seven which appeared to be winter residents only (Sabine, 1955, table 6). (b) During 
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a five-week period of heavy snow, seven additional birds apparently belonging to other 
flocks regularly frequented the feeding station but detached themselves as soon as the 
weather moderated. Hence, the amalgamation of these birds with the flock, though 
apparently complete while it lasted, did not continue throughout the flocking season as 
did that of the dairy flock with the feeding station flock at Deep Springs. It should be 
noted that the addition of this considerable number of visitors did not disturb the pecking 
order of the flock as it had been prior to their coming. Pair relations both among the 
visitors and between a visitor and a member of either of the other groups were permanent 
and fell into a scale that included all three groups. Indeed, the same was true even of 
casual visitors which were presumably migrants. Juncos display no hostility toward 
such visitors and their pair relations can be placed in the flock’s scale of dominance. 

The quantitative aspects of dominant-subordinate relationships in the several flocks 
are substantially similar. Since the data in figure 2 are relatively scanty, and since the 
data in figure 4 present few peculiarities and nothing at variance with the observations 
at Deep Springs, the following comments refer for the most part to the data in figure 1. 

Of the pair relations in figure 1 of which the number of observed contacts was insuffi- 
cient to determine which bird was dominant, nothing need be said beyond pointing out 
that the records of 4 birds (AD, JD, RS, and LJ) yield 58 of the 93 squares in which 
such an insufficient number appears. These birds disappeared early in December before 
many contacts had been observed. It can only be assumed that, if observations could 
have been extended, irregularities would have been found among these pair relations in 
about the same proportion as among those which were better authenticated. 

Of the pair relations recorded as conclusively determined, those require special men- 
tion or comment where an entry below the diagonal indicates an exception either to the 
linear hierarchy (a triangle) or to the permanence of the relationship between two birds 
(a reverse peck). When the data recorded in the figures are supplemented by taking 
account of the dates at which contacts occurred, however, two additional types of excep- 
tions seem to be revealed, that is, cases in which the relation between two birds may have 
changed permanently and cases in which two birds may have been so evenly balanced 
that the relation was fluctuating or variable. The following comments are devoted to 
these four types of exceptions, which probably occur characteristically in junco flocks. 
1. Triangular relations. 

The most conspicuous departures from a linear pecking order are triangular relations, 
which occur in junco flocks as in flocks of domestic birds. A triangle is a triplet of birds 
whose pair relations are such that one bird is dominant to a second and the second to a 
third which, however, is dominant to the first. This relationship is independent of any 
order in which the pair relations are arranged. But if the pair relations for a flock can 
be arranged in a generally linear order, a triangle brings it about that a bird of lower rank 
in the hierarchy pecks a bird of higher rank, the ranking of each bird being determined 
by its position in the whole network of pair relations. The pair relation between the 
lower ranking and the higher ranking bird is permanent, like pair relations that fall in 
the linear order. 

For example, in figure 1, the entry below the diagonal shows that R pecked OC 26 
times while the entry in the corresponding square above the diagonal shows that OC 
pecked R only once. Yet OC must be placed higher in the linear order than R since OC 
pecked G 20 times, Y 11 times, and AB 15 times, while these three birds pecked R, 
respectively, 13, 7, and 12 times. R pecked none of these birds except AB and then only 
twice as compared with AB’s record of 12 pecks against R. The number of triangles thus 
produced can be counted by considering all the birds involved by threes. In the example 
chosen there are 3: R—OC—G, R—OC—Y, and R—OC—AB. It happens, also, in this 
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example that the data are sufficient to establish conclusively all the pair relations. 
Where this was not true, the same level of significance was used as in placing the symbol 
R: no triplet was counted as a triangle if it included any pair having a probability below 
0.125. Thus, for example, the triplet GR—-OC—BG was discarded because the pair 
OC—BG was evidenced by only 2 pecks. Thus counted, the number of triangles repre- 
sented by the data in the several figures is as follows: 


Figure 1 29 triangles 
Figure 2 0 triangles 
Figure 3 88 triangles 
Figure 4 64 triangles 


The position assigned to any particular bird in the hierarchy depends upon its rela- 
tion to all the other birds of the flock, and the existence of triangles may leave an exact 
order indeterminable. If a group of birds is selected from a flock, their order may not be 
the same as it would be when they are considered in relation to other birds not selected. 
Thus, in one instance in figure 1, triangles are so related that the ranking for three birds, 
if these were taken as an isolated group, would be opposite to the order to which they are 
assigned in the figure; it would be GR—-R—OC instead of OC—R—GR. A similar in- 
stance occures in figure 4: in the arrangement YM—P—GM the order of P and GM 
could be reversed, since a triangle of adjacent birds would permit the order GM—L—P 
instead of L—P—-GM;; but the order YM—-GM—P,, if these three birds were isolated, 
would become P—GM—YM.. Similarly, the addition of more birds to a flock may un- 
settle the order as determined from the data for the initial flock. In figure 2, ZN is 
clearly higher in rank than EN, so far as the data in that figure are concerned. But in 
figure 3, which gives the hierarchy for the total flock at Deep Springs, several birds of 
the feeding station flock have to be placed between ZN and EN, and in the total flock EN 
has to be given a higher position than ZN. 

Uncertainties of this sort may be a serious hazard in experiments on hierarchy that 
use small selected groups of birds or that transfer a few birds from one flock to another. 
Consider, for example, the six birds which in figure 4 are placed in the order Y—C— 
GM—R—Q—ML. The pair relations of these birds make five triangles, and every bird 
is involved in at least one. Any order for these birds will include irregularities, and the 
order which seems best will depend largely on relations between these birds and others 
in the flock. An experimenter who had the records only of the 6 would probably choose 
the order GMU—R—Y—Q—ML— as giving the best approximation to a smooth 
hierarchy. This factor of inherent uncertainty in a hierarchy that includes triangles may 
account for the fact that the rank of a hen in one hierarchy permits no prediction of its 
rank when it is transferred to another flock (Douglis, 1948). 

The dominant-subordinate pair relations which run counter to the order of the 
hierarchy are as well authenticated and as permanent as those which are in line with 
it. The number of contacts supporting pairs that occur in triangles is in general as large 
as that supporting pairs which do not. In figure 1, 10 entries below the diagonal run 
from 8 to 26 contacts and 4 from 4 to 5, the latter usually involving birds with short 
records (e.g., AD and JD). The numbers in the corresponding squares above the diago- 
nal are no larger than those marked as reverse pecks below the diagonal. Though some 
birds were involved in numerous triangles (for example, GR in 18), nothing was observ- 
able in their behavior that seemed to account for their ability to peck birds of higher 
rank. Both in their role as subordinate birds and as dominant to birds of higher rank 
they behaved in all perceptible respects like other birds in subordinate or dominant 
positions. 
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Experiments on hens have shown that the position of a bird in the pecking order can 
be raised by suitable doses of the male hormone testosterone propionate (Allee and 
others, 1939), and this suggests that a linear order may reflect quantitative hormonal 
differences between individuals. The normal occurrence of triangles in flocks of hens and 
juncos, however, shows that relations in the pecking order are not invariably transitive 
and hence cannot be explained solely by such quantitative differences. Since it has fre- 
quently been observed that birds as well as other animals have an advantage on their 
own ground, it is natural to suppose that prior occupancy may be a factor in determining 
the hierarchy as it appears at any given place. The evidence for the influence of prior 
occupancy in the junco flocks here studied will be given later. It should be noted, how- 
ever, that if an approximately linear pecking order results from quantitative individual 
differences, this does not necessarily imply that the order itself is a mechanism by which 
the flock is integrated. 

2. Reverse pecks. 

Reverse pecks (marked in the figures with a superscript R) are contacts in which 
the normally dominant bird of a pair retreats before a peck delivered by the normally 
subordinate bird. Such contacts occur, though not with great frequency, and are viola- 
tions of the rigid permanence of pair relations, but as a rule they indicate no instability 
in the relationship and no tendency to reverse the usual order of dominance between the 
birds concerned. In figure 1, the symbol R is set against 38 entries below the diagonal 
and in 5 cases there is an entry above the diagonal corresponding to an irregular entry 
below. In 33 of these instances there was one reverse peck, in 5 there were 2, and in 5 
there were 3, or 58 in all. The sum of reverse pecks was about two per cent of the total 
number of contacts, but the number of pair relations thus momentarily modified was 
about 17 per cent of the total, and 18 out of 27 birds were involved. 

Reverse pecks occur most frequently in periods of hurried feeding induced usually 
by severe weather such as high winds, snow, or extreme cold. Under these conditions the 
birds run along the brush seeking a place to eat; they hover, fight, snatch a seed, trill, 
approach closely and return persistently if pecked. They eat rapidly and have the ap- 
pearance of being preoccupied with feeding and of taking little notice of one another. In 
such conditions the ratio of reverse to normal pecks may for short periods rise as high as 
1 in 20. Of the 58 reverse pecks just mentioned, 52 occurred under such conditions of 
tension. The remaining six occurred at times of no unusual tension; but these also did 
not alter the relation between the birds, even though in one case the subordinate forced 
its dominant to retreat by a fight. 

The observations suggest that most reverse pecks are delivered, so to speak, by acci- 
dent or inadvertence. Since some aspects of the junco’s dominant-subordinate behavior 
depend on individual recognition (Sabine, 1956), there seems to be no reason why errors 
of recognition should not occur. If the reverse peck is a form of resistance elicited by 
difficult conditions of feeding, it is less effective in giving access to food than persistent 
return. Yet the possibility cannot be excluded that a reverse peck may rarely be an 
attempt to reverse the relationship. In the first observed contacts between O and OC, 
for example, the latter retreated twice before strong drives by O and postured and sidled 
as a subordinate often does when eating close to a dominant. Yet the relationship was 
eventually well established; OC pecked O 28 times. 

3. Fluctuating dominance relations. 

Though the pair relations of juncos are almost always a clear case of dominance on 
one side and subordination on the other, it appears to be possible that pairs may rarely 
occur in which the members are so evenly balanced that the relationship is unstable. 
When the dates at which contacts occurred are taken into account, this turns out to be 
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a possibility with the pairs YJ—-NJ and AB—CZ (fig. 1). On November 30, YJ and 
NJ each behaved as dominant relative to the other. On December 15 and 17, YJ was 
dominant to NJ, and on December 19 and January 2 NJ was dominant to YJ. No other 
contact was observed between these birds since NJ disappeared on January 6. Fourteen 
unambiguous contacts were observed between AB and CZ. In these AB was dominant to 
CZ on November 26, December 16, 17, 20, and 25 (2 contacts), and on January 11 and 
19. But CZ was dominant to AB on December 15 and 22 and on January 3 and 22. On 
January 18, there were two contacts, AB being dominant in one and CZ in the other. 
In addition to these unambiguous contacts recorded in the figure, on January 23, CZ 
appeared to avoid AB, and on March 3, shortly before their migration, AB twice ap- 
peared to avoid CZ. In no case were these variable contacts characterized by resistance 
on the part of the bird that took the subordinate role. In figure 4 the pair OC—PR 
behaved similarly: OC was dominant on December 30, PR on January 15 and 25, OC 
on January 27, PR on January 28, and OC on January 31 and February 4 (2 contacts). 

The hypothesis that these relations exhibit a virtual equality of dominance is some- 
what strengthened by the fact that YJ and NJ were adjacent birds in the pecking order, 
as were PR and OC. AB and CZ, though not so placed in figure 1, may also be regarded 
as adjacent, since AB, R, and OC formed a triangle of adjacent birds and could as well 
have been placed in the order R—AO—AB. The order in the figure was selected because, 
when the dairy flock was marked, some of the new birds fell between AB and CZ and 
also between NJ and YJ, suggesting that there was some degree of inequality between 
the birds. Nevertheless, the facts here presented suggest that two birds in a given flock 
may be substantially equal and that some factor in the immediate circumstances may 
control dominance in a particular contact. The observations, however, failed to reveal 
any peculiarity of circumstance that might be supposed to explain the shift of dominance 
in these contacts. 

Among the contacts recorded in figure 3, between a bird of the station flock and a 
bird of the dairy flock that occurred after the amalgamation of the two flocks, there are 
two (RA—OC and RA—JO) which may be variable. In three contacts on December 10, 
OC was dominant to RA but RA was dominant in one contact before that date and in 
four thereafter. JO was dominant to RA on December 12 and 15, but RA was dominant 
on December 29 and January 2 and 4. The data seem too scanty, however, to warrant 
giving much weight to the record of these pairs. 

4. Permanent change in pair relations. 

When the data in figure 1 are supplemented by reference to the dates at which the 
contacts occurred, it appears possible that the order of dominance between two birds 
may in some cases change permanently. When such a change takes place, the initial con- 
tact or contacts observed may be regular, in the light of the hierarchy as finally deter- 
mined, or vice versa. There are five pairs in figure 1 where such a change may have 
occurred. 

(a) JO—NJ. This alone of the five started as irregular and became regular. On November 30, 
NJ pecked JO once; JO made a small retreat, was pecked twice more, and finally was chased several 
yards. This sequence identified NJ as clearly dominant at this time. But on January 2, JO pecked NJ 
and again on January 4 (2 contacts). NJ disappeared on January 6. 

(b) PS—O. On November 21, PS pecked O twice. Between November 22 and 25, three fights 
occurred between these birds. In the first O remained, assumed a threat posture, was pecked and 
retreated but did not leave. In the second, O retreated but soon returned. The third encounter was 
unusually violent; O retreated but returned and PS made an avoiding movement. Six hours later O 
was pecked and retreated. On November 30, O had a series of contacts with four birds (including PS) 
all dominant to itself and all retreated before drives on O’s part of unusual speed. Thereafter, O was 
permanently dominant to PS though its relation to the.other 3 birds remained as before. 
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(c) CT—O. On November 21, in five encounters, CT pecked O ten times, twice with three pecks 
in quick succession, and O did not resist. On November 22, two fights occurred between the birds after 
which O retreated, and later O retreated after an ordinary peck, as it did again on November 25. But 
by December 13, O was dominant to CT and so remained. 

(d) PS—JD. PS pecked JD on November 30 and on December 7. But two hours later on the 
second date, JD pecked PS, as it did twice on December 15 and once on December 18. JD disappeared 
on December 23. 

(e) AB—AO. On November 29, AB pecked AO once and on December 3, four times, three in 
quick succession. AO, however, pecked AB once on December 16, twice on December 22 in an 
unusually decisive way, and once on January 5. 

In figure 4 the pair TR—OW similarly changed from regular to irregular. OW pecked TR on 
January 17 and 18, but TR pecked OW on January 26, 28, and 30, and on February 1 and 3. 

In two respects the behavior which accompanied these possible changes of dominance 
suggests a comparison with behavior reported for experimental birds. (a) Permanent pair 
relations between hens are frequently settled at the initial contact of the birds, which 
may be a fight. Prior to two of the changes here reported, O had a series of fights with 
PS and CT in which the latter birds appeared to be victors. But O was the dominant 
bird shortly thereafter. With wild birds it is impossible to identify a contact as initial 
but perhaps with juncos a series of fights may be decisive in initiating dominance. As 
always the fights between O and the other two birds were ritualized. (b) It has been 
observed that dominant hens sometimes peck subordinates with unusual vigor shortly 
before a change of dominance takes place. In three cases, notably vigorous pecking by 
the then dominant junco preceded its displacement. 


DOMINANCE AND INTOLERANCE 


As was remarked above, the peck-retreat sequence used to identify dominance in- 
cludes a considerable variety of actual behavior. The peck of the dominant bird may be 
a long swift swoop from a perch, a low-flying drive, or runs of varying lengths and 
speeds with the bill pointed at the subordinate. At close range a peck may be a short 
lunge with wings spread or, most often, hops of from 6 to 24 inches with the bill pointed. 
Correspondingly, the subordinate bird may fly away or it may merely withdraw to vary- 
ing distances, sometimes only a few inches. In such cases it often edges around and 
approaches from behind. Frequently it will avoid a dominant without being pecked, or it 
will rise in the air and alight behind the dominant, especially if the peck is long. Occa- 
sionally it will make a show of resistance in a momentary flurry of bill-biting or by 
making the head-raising gesture, but as a rule resistance means merely that the subordi- 
nate refuses to leave or persists in returning. The writer has never observed a situation 
which suggested that resistance between dominant and subordinate, or the peck-retreat 
sequence of junco behavior, might threaten to break up the gregariousness of the flock, 
as intraspecific hostility might be expected to do. 

It is highly characteristic of this behavior that the whole procedure seems to be 
completely ritualized. In the writer’s experience the pecks practically never make con- 
tact, and injurious pecking certainly does not occur even in the most violent encounters. 
In a fight the two birds rise straight in the air to a height of 8 or 10 feet, apparently in 
an effort of each to get above the other; when clawing and pecking occur they are 
formalized movements rather than literal attacks. Apart from the infrequent fights, the 
peck may be reduced to a mere gesture or to the head-raising posture. Especially in condi- 
tions of crowded feeding the gestures tend to be narrowed. A slight shift of position with 
a minute pecking motion, a mere nod or even an intense stare, may cause a subordinate 
to avoid or withdraw. These gestures are sometimes so slight that they would almost 
certainly be imperceptible to a human being at a distance of 6 feet. In the behavior of 
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the junco ritualization has been carried to a point where overt hostility is practically 
nonexistent. Yet in spite of an almost endless variability of actual behavior, the peck- 
retreat theme remains recognizable as a criterion for distinguishing a dominant from a 
subordinate bird: an approach by the latter induces a gesture from the former and this 
in turn induces avoidance or withdrawal. 

It is tempting to describe this theme in terms of intraspecific hostility, pugnacity or 
aggression, of attack and resistance, of threat on one side and submission on the other. 
This is a usual, perhaps the most usual, interpretation of the dominant-subordinate rela- 
tionship and of intolerance both in birds and in other animals. The position is sometimes 
stated in very general terms, as if it were a principle of animal behavior: for example, 
“Within the concept of aggression, dominance is pugnacity with social, and more par- 
ticularly intraspecific, reference, and territorialism is pugnacity with spatial or topo- 
graphical reference” (Armstrong, 1947: 283). From this point of view the relation 
between dominant and subordinate is interpreted as competitive and is contrasted with 
cooperative social relationships. Thus, a hen’s status in the hierarchy of a flock is 
reported to be settled by the victory of the dominant or the submission of the subordi- 
nate, often at their first encounter, and fighting for status is described as characteristic 
(Collias, 1943). It is not certain, however, how far this observation can be generalized. 
Hinde (1952: 29, 155) found little evidence of fighting among tits to settle relations 
of dominance. 

In accord with the view that identifies dominance with aggressiveness, competition 
is regarded as directed toward the possession of some object of advantage, such as food, 
mates, or territory, and fighting is reported to increase with shortage (Collias, 1944). 
Precedence to food is regarded as an experimental index to dominance. Subordinate 
birds, if starved, are reported to feed avidly in spite of severe punishment by dominants; 
their behavior is interpreted as a result of the conflict between “fear of a despot and 
degree of hunger,” and it is held that fear may be quantified by “days of food privation” 
(Collias, 1950: 1078). It would seem to follow that deprivation should increase fighting, 
and that the amount of an animal’s fighting should measure its aggressiveness and 
therefore its place in a scale of dominance. 

At the same time it has been pointed out that, in the case of some experimental 
animals, the evidence on this point is not consistent (Seward, 1945). Rats and mice, 
when deprived of food or water for considerable periods, were found not to be more 
aggressive than when satiated (Hall and Klein, 1942; Ginsburg and Allee, 1942). It has 
also been regarded as anomalous that fighting in such cases may be more severe in the 
absence of food than in its presence and that high-ranked animals in a hierarchy do not 
always behave aggressively, as measured by the amount of their fighting (Scott and 
Fredericson, 1951). The latter point strongly suggests that “aggressiveness” is too 
indefinite to serve as descriptive of actual behavior. In particular, it suggests that the 
term has been used to cover at least two factors in behavior that may vary independ- 
ently: the capacity of one animal to displace another, which defines it as dominant, and 
the expression of this capacity in recognizably hostile reactions or such as evoke in the 
subordinate a reaction that issues in fighting. 

To describe the behavior of a dominant junco toward its subordinate in terms of 
pugnacity seems to the writer to be definitely inappropriate. What seems to be most 
apparent is that the behavior of the one bird is reciprocal to that of the other. For 
descriptive purposes a term seems to be required that will apply as well to the withdrawal 
or avoidance of the subordinate as to the peck of the dominant. The writer therefore 
suggests that, in the case of the junco, the term “intolerance” should be so used. What 
intolerance seems to be most clearly directed against is simply the proximity of another 
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junco; it appears to be a spacing device that has the effect of leaving to each bird, 
whether dominant or subordinate, an area of privacy which another bird does not invade. 
As was stated in the earlier article, the behavior of juncos relative to each other seems 
best explained as actuated by two mutually limiting drives. “The winter residents are 
gregarious but they are also intolerant of the close proximity of fellow members of the 
species. The limits of tolerable proximity are elastic and vary with environmental condi- 
tions, but a reaction of intolerance may be said to be released by a second bird which is 
tending in one way or another to invade the area of privacy which the reacting individual 
maintains about itself. A subordinate bird may show its intolerance by avoiding a domi- 
nant bird; the latter shows its intolerance by pecking at, or otherwise gesturing at, the 
subordinate” (Sabine, 1955: 89). 

The tendency of birds to maintain “individual distance” has been reported for 
several species (Conder, 1949). Emlen has noted it in perching and nesting Cliff Swal- 
lows, Petrochelidon pyrrhonota (19526) and has remarked that a negative reaction to 
crowding is widespread and is particularly conspicuous in birds (1952a). Hinde (1952: 
19, 26) has mentioned similar behavior in the Great Tit (Parus major). Both of the 
latter writers seem to regard the phenomenon as indicative of intraspecific hostility. 
Emlen describes intolerance as “functionally the antithesis of gregariousness,”’ and 
Hinde places his account of spacing in the tit under the heading of “disruptive factors” 
and explains it as “aggressive behavior concerned with food.” In the behavior of the 
junco, however, there is no evidence that intolerance of proximity is antithetical to gre- 
gariousness in any sense other than that the two drives mutually limit each other. Func- 
tionally they seem to be complementary. Nor is there any evidence that intolerance of 
proximity is disruptive. It is of course true that in a foraging flock the approach to food 
is likely to be an occasion of proximity between two birds and thus can give to peck and 
avoidance the appearance of competition for its possession. It does not follow that this 
appearance is the cause, and peck and avoidance between juncos occur commonly in 
situations where no food is involved. Intolerance in the sense of mutual avoidance seems 
to be a factor in integration and a part of the flock’s social structure. 

The point of view just sketched, which distinguishes dominance from pugnacity, 
questions its relation to competition for food, and regards intolerance as a spacing device, 
can be supported by four main types of evidence derived from observation of winter 
flocks of juncos. (1) When observation is concentrated on the subordinate bird, its 
behavior cannot plausibly be described as merely submissive, and there is little or no 
reason to believe that it is at a disadvantage in its access to food. (2) In the yearly cycle 
of junco behavior, the peck-retreat sequence plays different roles at different times, and 
these cannot all be covered by a concept so vague as aggressiveness. (3) The behavior of 
juncos in a winter flock shows little or nothing that can be clearly identified as aggressive- 
ness, either interflock or intraflock, and there is no apparent relation between rank in 
the hierarchy and a tendency to peck. (4) Intolerance of proximity varies with conditions 
of crowded feeding, and it decreases rather than increases as feeding situations become 
progressively more competitive. The observations that support these statements are 
given below. 

1. In order to form an adequate idea of the dominant-subordinate relation in a 
winter flock of juncos, it is important to attend especially to the behavior of the subordi- 
nate bird. This is indeed less dramatic than the peck of the dominant, but it is quite as 
distinctive and is equally characteristic of the relationship. Indeed, the writer’s experi- 
ence prompts the conjecture that the avoidance of the subordinate may be even more 
revealing or informative than the peck of the dominant. Conjectural comments put into 
the field notes before the data on pecks were reviewed and assembled were usually right, 
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with some errors due to the idiosyncratic behavior of individual birds. As the investiga- 
tion was conducted, it was at first directed toward confirming the existence of a pecking 
order, but if it were known in advance that a species had such an order, a generally 
correct judgment about relationships in a particular flock might be reached more quickly 
hy observing avoidances than by concentrating on pecks. Much subordinate behavior 
indicates the relationship when no movement by the dominant can be perceived. This is 
one consideration which led the writer to the conclusion that identifying dominance with 
aggressiveness is a hindrance to observation. 

Carefully examined, the behavior of the subordinate does not give the impression of 
being without initiative or as being describable as simply submissive and a response to 
attack. It might better be described as resistance, though if this term were retained, it, 
too, like aggressiveness, ought to be shorn of any implication of pugnacity. A subordi- 
nate bird continually resists in the sense that it acts with reference to a dominant in such 
a way that the dominant’s behavior is modified and the subordinate gains access to food. 
If dominance be defined as “determination of behavior of given individuals by other 
individuals” (Collias, 1944: 83), observation gives as much support to the view that 
the subordinate’s behavior determines the dominant’s as vice versa. The subordinate 
waits and watches its chance to eat; it remains on the outskirts, approaches cautiously, 
and if necessary scrambles away; it creeps slowly through brush or other cover; it comes 
toward the dominant from behind; it sidles and turns its back; it avoids quietly and 
sometimes ostentatiously; it darts in and snatches a seed. Its head-raising gesture is 
similar to that of the dominant. It returns again and again at short intervals, and in the 
end these tactics are often successful: the subordinate eats. Its persistent return is an 
effective answer to the dominant’s peck, though it rarely if ever leads to behavior that 
disturbs the pair relation between two birds. What it seems to do is to wear down the 
dominant’s impulse to peck. Observation has shown repeatedly that by its persistence a 
subordinate succeeds in feeding, while contrariwise a dominant bird impelled to continu- 
ous pecking is distracted from feeding. It is at least not obvious that pecking is the more 
effective means of getting access to food, and in the bitter winter of 1948-1949 at Deep 
Springs, the writer did not observe that low-ranking birds were prone to starvation. 

2. The peck-retreat sequence in the behavior of juncos clearly covers a spectrum of 
functions which vary according to their place in the bird’s yearly cycle of behavior. 
Apparently the junco simply lacks any mode of expression other than the pecking ges- 
ture. It may of course be true that ritualizations originate in the course of evolution as 
surrogates for fighting (Moynihan, 1955). It would not follow that, in a species whose 
behavior is so completely ritualized as the junco’s, they remain aggressive as elements in 
evolved social behavior. Moreover, the elements of behavior, or the inherent drives postu- 
lated to explain it, must be functionally adjusted as factors in the yearly cycle that the 
bird is set to run through, and they must manifest themselves in correspondingly differ- 
ent forms. They can vary in intensity, in the way they combine and inhibit or are 
inhibited by other drives, and in the actual responses in which they issue under environ- 
mental and other stimulation. A small repertory of inherent drives, variable in intensity, 
combination, and form of expression, can give rise to a great variety of actual behavior. 
To refer it all to some general category like aggressiveness would appear to have little 
explanatory value. 

Thus, in the case of the junco, slow and gentle pecking gestures on the part of the 
male are a phase of their courtship behavior, a form of pecking that cannot plausibly be 
called hostile, and from such gestures the female does not even flinch. Between a mated 
pair the kind of pecking that maintains distance in a winter flock is rare but it can occur, 
though with changes. Of the pair in the Seattle flock, OR the male and LG the female, 











126 THE CONDOR Vol. 61 


that retained the area of the feeding station as breeding territory, OR had been far 
higher than LG in the winter hierarchy (fig. 4), yet if he approached closer than 6 inches, 
LG could and at least once did peck him off. In the mating phase there seems to be noth- 
ing that evokes the peck of the dominant bird; approaches and withdrawals have a differ- 
ent significance from what they have in the winter flock. If dominance is said to be 
transferred in this phase from the male to the female, its underlying physiology must 
have changed with the progress of the cycle. 

Again, the type of peck and retreat that shows dominance in the winter flock is 
clearly distinguishable from another type that begins to be manifested at the opening 
of the breeding season—the long runs and selective pecking by which breeding territory 
is established. The latter has been described in connection with the dispersal of the 
winter flock in Seattle (Sabine, 1955). It differs from pecking in the winter flock in two 
respects: (a) It is discriminatory, directed by birds of a mated pair against specific birds, 
presumably rivals for the territory. Even in these cases the behavior was not overtly 
aggressive. No fights were observed and the birds pecked offered no resistance beyond 
refusal to depart. The pursuing male seemed rather to escort the other bird out of the ter- 
ritory than to try to catch it, a kind of behavior noted also in the Great Tit (Hinde, 
1953). (b) The new type of pecking is added to that which evidences dominance in the 
winter flock but does not wholly supersede it. As long as the Seattle flock stayed together, 
dominant-subordinate relations remained intact with a single exception: the female of the 
mated pair became dominant to birds that had formerly ranked above her in the winter 
hierarchy. 

The new type of behavior seemed to emerge smoothly from dominant-subordinate 
behavior in the winter flock. Its most obvious feature was that the mated pair became 
greatly more intolerant of the proximity of some other members of the flock. Intolerance 
of proximity seems to be a factor in all phases of the cycle, but its mode of expression 
changes with the physiological progress that leads from the winter to the mating phase. 
A somewhat similar change took place in the behavior of OR and LG toward their young. 
As these matured to the point where they could crack a seed for themselves, OR and 
LG became less responsive to their begging gestures, and finally OR chased them much 
as he had chased mature birds at the beginning of the mating season. This was clearly 
preparatory to a second brood, but the loss of LG prevented this from eventuating, and 
OR, in spite of continuous singing over a considerable period, failed to attract a second 
mate. 

It is interesting also to compare the behavior of the junco with that of the Song Spar. 
row (Melospiza melodia), which is intensely intolerant, is solitary in winter, and has 
obvious difficulty at the onset of the breeding season permitting even the approach of its 
mate. Apart from the relations of the mated pair, the heightened intolerance of the junco 
at the dispersal of the winter flock makes its behavior look much like that of the Song 
Sparrow in winter. What seems to tie these examples together is that they are all varia- 
tions in the utilization of space for activities appropriate to a phase in the bird’s yearly 
cycle of behavior. 

3. Recognizably aggressive behavior plays practically no role in the integration of a 
winter flock of juncos, whether in the form of interflock or intraflock hostility. The feed- 
ing circuit of the winter flock is in no sense a “defended area” (Allee et al., 1949: 412), 
though the flock remains as a rule within its limits; it seems rather to be an example of 
spatial routinism. The birds make no display of hostility toward a casual visitor, and 
nothing is perceptible in their behavior analogous to the disorganization described as 
occurring when the membership of a flock of hens is rotated (Guhl and Allee, 1944). Two 
distinct flocks of juncos can amalgamate, as happened at Deep Springs, with no apparent 
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tension between the members of the one and of the other and with no apparent interval 
of disorganization while the amalgamation is taking place. A considerable group of visi- 
tors may regularly frequent a flock’s feeding area for weeks, as happened at Seattle, with 
no display of hostility either by the visitors or by the members of the occupying flock; 
yet the visitors remained in some sense outsiders since they detached themselves as soon 
as the period of difficult feeding ended. In all of these cases, dominant-subordinate 
behavior between members of the flock and dominant-subordinate behavior between a 
member of the flock and an outsider were identical so far as observation showed. Pair 
relations were stable, and as may be seen from figure 4, the visitors presented no special 
difficulty in constructing a scale of dominance. The integration of a winter flock of juncos 
does not appear to depend in any degree upon interflock aggressiveness. 

It is true, also, that in the behavior of individual juncos, no relationship can be per- 
ceived between high rank in the hierarchy and frequency of pecking or any other mani- 
festation of behavior that is recognizably aggressive. A high-ranking bird may peck in- 
frequently while a low-ranking bird may peck with great frequency, even though it is 
able to peck relatively few birds. At times, the writer is inclined to believe, this reflects 
what might be called “mood”: the same bird does not always behave the same. In part 
the difference between birds seems to be idiosyncratic or, so to speak, temperamental, 
irrespective of rank in the hierarchy. Some birds seem to have a strong impulse to peck 
and others a weak one, and some peck at shorter distances than others. Some have a strong 
tendency to avoid and some are “good mixers”; the latter join aggregations of birds and 
peck or take pecks. In the Deep Springs flock, for example, the alpha bird ND (fig. 1) 
tended to stay aloof, and its approaches might be described not inaptly as tentative. Yet 
ND was unquestionably dominant to every bird in the flock; when it made its way 
through the brush to eat at a tray the other birds fell back with conspicuous promptitude. 
CT on the other hand, the twentieth bird of the flock, behaved in what seemed a very 
aggressive manner. One might say that CT seemed to enjoy pecking. Though there were 
only seven birds of lower rank, CT delivered 81 pecks to them, or an average of 11.6 per 
bird, while ND, having 26 birds of lower rank and making contact with 22 of them, 
delivered 140 or 6.4 per bird. Actually the discrepancy was much greater than the figures 
indicate, since CT disappeared on January 17 while ND’s record ran until March 12. AO, 
the tenth bird, had almost no drive to peck yet its place in the scale was never in doubt; 
the nine birds above AO in the hierarchy pecked AO an average of 9.9 times per bird, but 
AO pecked 14 birds below it only 3.3 times. It is true that figure 1 shows a relatively 
high average number of pecks by the top five or six birds among themselves, but the 
observer gained no impression of a state of tension such as has been mentioned in the 
literature (Lorenz, 1935: 361). If the pecking was selective the writer was never able to 
observe the cues by which selection was made. There is nothing in junco behavior that 
suggests “persecution” of the omega bird sometimes reported in other species. In general 
there appeared to be no reason to identify high rank with any kind of behavior that was 
recognizably aggressive. 

4. The view that intolerance preserves an area of privacy around a foraging junco 
does not of course mean that a bird keeps a standard distance irrespective of conditions. 
The area is elastic in two senses: it varies with different birds and it contracts or expands 
with different conditions of feeding. In respect to the first, there are almost certainly 
specific differences: a Lincoln Sparrow (Melospiza lincolnit) , for example, will normally 
keep another Lincoln Sparrow at a distance of about 3 feet though it will tolerate a junco 
at about half that distance. Among juncos there seem to be both varietal and individual 
differences. Under what might be called normal conditions of unhurried feeding, the race 
of J. oreganus observed at Deep Springs was tolerant beyond a radius of roughly 6 to 
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15 inches with the bird at the center, while the race observed at Seattle, under comparable 
conditions, was tolerant outside an area of 15 to 24 inches radius. The Slate-colored 
Juncos observed in Ithaca fell between these extremes, keeping a distance of roughly 10 
to 18 inches. There seem also to be individual differences. ND in the Deep Springs 
flock, as was said above, tended to stay apart, but two other birds almost invariably 
pecked at a distance of 12 inches. The threshold of the pecking drive apparently differs 
in different birds. 

Even to casual observation it is evident that juncos space themselves when a flock is 
foraging in the open, but this need not imply that spacing is maintained by competition 
for food. On the contrary pecking by a dominant or avoidance by a subordinate is often 
observed between perching birds or in places where there is no food. It is not unusual to 
see a dominant bird peck a subordinate that is not close to food when other subordinates 
are present and are close to it. The elasticity of the distance which the birds maintain, 
however, and also the strongest ground for not connecting the behavior with competition 
for food, is seen in conditions of crowded or difficult feeding. Under such conditions 
intolerance of proximity decreases though the situation becomes increasingly competi- 
tive. A similar fact has been noted also in the case of the Great Tit (Hinde, 1953: 209). 
Under extreme conditions a junco’s intolerance of proximity disappears altogether, but 
this neither induces fighting nor increases pecking, and it does not destroy the perma- 
nence of pair relations. In short, dominance and intolerance can be dissociated, and 
this would seem to be a point of considerable importance in explaining the behavior of 
juncos in the dominant-subordinate relation. For the capacity of the dominant, under the 
drive of hunger, to displace a subordinate is unaffected by the disappearance of the 
drive which maintains ordinary spacing relations. 

A decrease in the intolerance of proximity can be seen in any conditions that induce 
crowded feeding or merely by concentrating the food supply while other parts of a feed- 
ing station are left without food. If food is offered exclusively in trays in such a way 
that, in order to feed, a subordinate must approach within 6 inches rather than 12 inches, 
for example, a dominant bird will, as a rule, come in the end to permit the closer ap- 
proach. It is true that under such conditions the number of pecks delivered is likely to 
be temporarily increased, but it is also true that the subordinate’s tendency to persistent 
return increases, too, and this after a time seems to wear down the dominant’s drive to 
peck. There appear to be two mechanisms by which crowded conditions of feeding oper- 
ate to reduce the distance that intolerance maintains between foraging juncos: (a) an 
exhaustion of the dominant’s impulse to peck by the persistence of the subordinate; and 
(b) a greater preoccupation of both dominants and subordinates with feeding and a 
diminished attention to one another when feeding conditions become difficult. 

When feeding conditions are very difficult the distance at which dominant birds will 
permit subordinates to feed is markedly diminished. At Deep Springs in January, 1949, 
there were several weeks with temperatures below zero and severe ground blizzards. To 
test the effect on intolerance, a round tray of peanut butter 3 inches in diameter was 
added to the food supply and nailed to a support in such a way that there was no perching 
place other than the edge of the tray itself. Two birds would eat together with their heads 
less than 3 inches apart, while other birds waited for an opportunity to feed. Neither 
fighting nor pecking was observed between the waiting birds. 

At about the same time, the writer was indebted to the intervention of a flock of 
Brewer Blackbirds (Euphagus cyanocephalus) for a quasi-experiment which showed 
that under conditions of near-starvation, intolerance might disappear altogether though 
dominance did not. The blackbirds usually foraged in a nearby alfalfa field but when 
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the ground was covered with deep snow they invaded the feeding station and drove the 
juncos from it. A feeding tray a foot square and baited with grain that stood on a window 
ledge was at once taken over by the juncos. The tray was literally filled with birds, 8 to 
12 feeding together with their flanks touching but without pecking. It is a suggestive 
fact that the alpha bird ND, which has been mentioned above as having a strong tend- 
ency to avoid, was never seen to eat at this tray. Nevertheless, dominant birds continued 
to be distinguishable and the permanent pair relations continued to hold. Dominants 
displaced subordinates simply by walking over the backs of feeding birds and taking 
their places. Under these conditions it might have been anticipated that high-ranked 
birds would monopolize access to food, but this did not happen. Each bird fed only for 
an interval of about three minutes. Perhaps crowding induces a tension that stops the 
hunger drive short of satiation. Whatever the mechanisms may have been, they operated 
to feed the many a little rather than to feed the few a lot. It seems probable that with 
scattered feeding high-ranked birds have no appreciable advantage in their access to food. 

These observations suggest the following considerations relevant to explaining be- 
havior in a winter flock of juncos. First, it seems clear that the kind of crowded and 
potentially competitive feeding here described, without pecking or fighting and without 
the exclusion of low-ranked birds from access to food, is not analogous to the situation 
produced in experimental flocks of hens by rotation of membership or by starvation. 
The observations suggest that these experimental conditions cannot be so simple as to be 
explained merely as competition for food under a generally aggressive drive measured 
by degree of hunger. The possibility can hardly be excluded that enforced crowding itself 
may have important effects on behavior or may even tend to induce aggressiveness which 
under normal conditions of flocking does not invariably occur. 

Second, it seems clear that any explanation of the behavior observed in a winter 
flock of juncos should take account of the fact that the permanent pair relation which 
subsists between a dominant and a subordinate bird is not destroyed, or even obscured, 
by the disappearance of the specific reactions of peck or avoidance by which the relation 
is normally evidenced. Dominance, defined as the capacity of one bird to displace 
another, is not identical with intolerance, defined as a tendency to react to too close 
proximity in a manner which maintains distance. The specific reactions of peck and 
avoidance can be modified or even inhibited by the simultaneous presence of other 
specific drives such as hunger. In the subordinate the drive to eat can induce closer 
approach or persistent return and in the dominant it can weaken or supersede the drive 
to peck by raising the threshold at which the approach acts as a stimulus, with the result 
that spacing is closer without a corresponding increase of pecking. Dominance on the 
other hand seems to be a permanent capacity, like flying or hopping, which can be used 
in the service of specific drives, like hunger or maintaining distance. This suggests that 
dominance should be regarded as a natural endowment depending on the basic physiologi- 
cal, possibly hormonal, equipment of individual birds. And if this is correct it would seem 
to suggest that a pecking order provides no evidence of flock integration; migrants or 
visitors fit into it as readily as members. It seems unlikely that either observation or 
experiment could ever start with a group related merely by these physiological differ- 
ences, since their expression in behavior seems to be modifiable by age, sex, familiarity, 
seniority, and the phase of the yearly cycle. 

Third, the behavior of juncos in maintaining individual distance either by pecking or 
avoiding appears to be an instance of a very general property of behavior, namely terri- 
torialism, which seems in substance to be the property of limiting activities within 
spatial boundaries and of modifying this tendency according to the manner in which a 
given activity fits into the yearly cycle of activities by which life is maintained and 
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reproduction is accomplished. Breeding territory, flocking, wintering territory, a common 
foraging circuit, and a common roosting territory if this exists, are all concerned with 
drives which operate to keep an area clear for carrying out an activity necessary in the 
total range of activities, and intolerance of proximity in a foraging flock appears to be 
another manifestation of this general property of behavior. In no phase of their yearly 
cycle do juncos display behavior that can be described literally as defense of territory; 
in all phases their behavior shows an inherent responsiveness to the spatial element 
in the environment—the restriction of activities to definable areas and intolerance of 
other juncos within the area, a tendency to develop spatial routines, and to be affected 
by familiarity. Combined with the drive to aggregate, which also is spatial, intolerance 
of proximity suggests an interplay of factors of attraction and repulsion, both always 
present and varying with conditions and with phase, and not incompatible with the 
integration of the winter flock. 


PRIOR OCCUPANCY AND THE LINEAR HIERARCHY 


The generally linear hierarchy found in a junco flock might be explained on the as- 
sumption of hormonal or other quantitative physiological differences between individual 
birds. Since, however, it has frequently been observed, with birds and other animals, 
that an individual has an advantage in its own territory, the hypothesis is suggested that 
familiarity with territory might be another factor influencing the hierarchy that is 
actually found in a given flock, if the birds composing it differed in respect to their 
periods of occupancy. The assembly of the junco flocks both at Deep Springs and 
Seattle, as described in the earlier article (Sabine, 1955), affords an opportunity to 
examine this hypothesis, since their history permits at least a rough grouping of the 
birds according to the time at which they occupied the territory. It is possible, therefore, 
to compare these groups in respect to their positions in the hierarchy of the total flocks. 

At Deep Springs the order in which the birds of the feeding station flock were trapped 
shows that they divide into three groups: 7 birds trapped between October 24 and 28, 
10 trapped between November 7 and 16, and 13 trapped between November 20 and 28, 
with intervals between in which no birds were trapped. From each of these groups 2 birds 
have to be omitted because their records were so short that they had few if any contacts 
with later arrivals. It seems fair to assume, for reasons stated in the earlier article, that 
the date of trapping was in general indicative of the time at which the birds arrived in 
the fall migration. Still later, on December 7, the dairy flock of 18 birds moved into the 
foraging circuit already occupied by the feeding station flock. Thus, the entire group of 
42 birds can be regarded as made up of four groups, having respectively 5, 8, 11, and 18 
birds, distinguished by the length of time during which the birds composing them had 
occupied the foraging circuit. 

The flock at Seattle, where juncos are both resident and migrant, fell into three 
groups composed respectively of 12 birds plausibly regarded as residents, 7 that were 
winter residents only, and 7 visitors from other flocks that frequented the station tem- 
porarily and detached themselves after five weeks of occupancy. It may reasonably be 
assumed that the residents were prior occupants relative to the winter residents and that 
the latter in turn were prior relative to the visitors. 

Table 1 shows the position that the birds of these several groups held in the scale of 
dominance for their respective flocks. The numbers on the left give the rank, from 1 to 
42 in the Deep Springs flock and from 1 to 26 in the Seattle flock. Thus, the 5 birds 
trapped earliest at Deep Springs (Group 1) were respectively second, fourth, seven- 
teenth, twenty-second, and twenty-third in the ranking of the whole flock; the birds 
trapped in the second period (Group 2) held the first, fifth, and so forth, positions, and 
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Table 1 
Rank Positions of Comprising Groups within Two Flocks 
Deep Springs Flock | Seattle Flock 
Group Group 
Rank 1 2 3 4 Rank 1 2 3 
1 4 1 * 
2 + 2 
3 . 3 
4 x 4 
5 * ° 
6 k 6 ” 
7 * / ™ 
8 8 * 
9 * 9 
10 . 10 
11 11 
12 . 12 
13 ‘ 13 
14 * 14 * 
15 * 15 * 
16 16 
17 * 17 : 
18 iS 
19 * 19 . 
20 * 20 
21 21 7 
22 * 22 ” 
24 t 24 
25 * 25 . 
26 m 26 . 
27 ? a a ae 
28 Ps Totals 12 7 7 
29 
30 
31 
32 . 
33 * 
34 4 
35 . 
36 
37 
38 * 
39 
40 
41 * 
42 = 
Totals 5 8 11 18 | 





similarly for the birds trapped in the third period (Group 3), and for those of the dairy 
flock (Group 4). In the ranking of the birds at Seattle, the residents (Group 1) held the 
first four positions and so on; the winter residents (Group 2) ranked fifth and ninth 
and so on; and the visitors (Group 3) occupied the tenth position and so on down. 
Inspection of these rankings shows no marked difference between the birds in groups 
1, 2, and 3 at Deep Springs but a reasonably clear tendency of the birds in the dairy 
flock (Group 4) to rank low in the scale relative to the birds of the feeding station flock. 
But this is a tendency rather than a cause that regularly determines rank: a bird of the 
dairy flock held eighth place and a bird of Group 2 fell as low as thirty-eighth place. Yet 
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taking the birds by groups, in each of groups 1, 2, and 3, more than half of the birds 
ranked above the middle of the scale, and in the three groups taken together 14 birds out 
of 24 are above the middle. But in the dairy flock, 11 out of 18 are below the middle of 
the scale. The impression gained from inspection of the table is supported by statistical 
analysis. Through the cooperation of Dr. D. W. Alling, of the Biometrics Unit, Cornell 
University, a Kruskal-Wallis test was applied to the data. Applied to the ranking of the 
birds of the Deep Springs flock classified according to group number, the result was as 
follows: x? = 8.43, d.f. = 3, p< .05. The same test applied to the rankings of the birds 
classified according to membership in groups 1, 2, and 3 or Group 4 gave the following 
result: x? = 7.95, d.f.=1, p< .005. 

In the Seattle flock it seems clear that the resident birds tended to rank high, all but 
three being above the middle of the scale, and that the visitors tended to rank low, all 
but one being below the middle. The winter residents were scattered pretty evenly over 
the scale though none is above the fifth place. A Kruskal-Wallis test applied to the rank- 
ings of the birds in the Seattle flock classified according to group number gave the follow- 
ing result: x= 6.73, d.f.=2, p< .05. The same test applied to the rankings of the 
birds according to membership in Group 1 or groups 2 and 3 combined gives the follow- 
ing: x?= 6.38, d.f.=1, p~ .01. 

It seems likely that when the birds are grouped in the manner described, the group- 
ing reflects a factor (probably prior occupancy) that is roughly related to higher rank in 
the scale of dominance. Familiarity with a given territory, it may be supposed, gives a 
bird a certain advantage but not an advantage that is always sufficient to settle the domi- 
nant-subordinate relation between two birds. The effects of prior occupancy thus appear 
to be unevenly distributed through the flock. If there is a factor (perhaps the birds’ 
native hormonal endowment) that disposes them to be arranged in a linear order, prior 
occupancy might operate as a second factor influencing the position which a bird or 
group of birds actually occupies in the hierarchy. 

The separation of the birds into groups distinguished by periods of membership in 
the combined flock suggested the possibility of examining also the question whether the 
mixing of originally distinct groups of birds affects the occurrence of triangles in the 
combined groups. Specifically it suggested comparing the number of triangles that occur 
between birds of a single group (called intragroup triangles) with the number that 
involve birds of two groups (called intergroup triangles). Accordingly triangles were 
counted for each of the groups and for the combined flock. The number of intergroup 
triangles could then be obtained by subtracting the sum of intragroup triangles from 
the number for the flock. 

The difficulties of computation in this comparison proved to be formidable, especially 
for a number of birds as large as the total flock at Deep Springs. The help of Professor 
LaMont C. Cole, of the Department of Zoology, Cornell University, is most gratefully 
acknowledged, as well as that of Dr. D. W. Alling. The details of the statistical analysis 
applied to the data of this study will be published elsewhere by Dr. Alling. 

The results of the comparison are shown in table 2. 

In general, the conclusion indicated by these figures is that no signficant change in 
the proportion of triangles is demonstrated as a result of mixing groups, either in the 
Deep Springs flock or in the Seattle flock. In both cases the proportion of triangles was 
slightly increased in the mixed groups, and in the Deep Springs flock the increase ap- 
proached statistical significance, suggesting that more investigation might show a signifi- 
cant effect of combining groups of birds originally separate. The result of the comparison 
in the case of the Seattle flock was wholly neutral. 

The hypothesis that the configuration of a flock’s hierarchy may reflect the condi- 
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Table 2 
Comparison of Occurrence of Triangles Within Two Flocks 


Deep Springs Flock 





Intragroup Intergroup Total 
Number of triangles 2 86 88 
Number of linear triplets 189 2439 2628 
Total 191 2525 2716 

x? = 2.46, p> .10 

Seattle Flock 

Intragroup Intergroup Total 
Number of triangles 8 56 64 
Number of linear triplets 168 924 1092 
Total 176 980 1156 

x- = .20, p> .50 


tions under which the flock has been assembled does not imply that the hierarchy is itself 
a causal factor in the flock’s integration. Rather it suggests that the hierarchy is a 
pattern imposed on the flock by the causal influences that determine behavior and that 
consequently determine the permanent pair relation of dominance or subordination that 
subsists between the birds taken by pairs. An expression which describes the hierarchy 
as a “type of social organization” (Allee e¢ a/., 1949:417) seems inappropriate and pos- 
sibly misleading. For it suggests that survival vaiue, and hence causal efficiency, can be 
attributed to the hierarchy; for example, the function of diminishing intraspecific hos- 
tility. But this function, if indeed it exists, would be performed by the permanence of pair 
relations, whether these could be arranged in an approximately linear series or not. If 
a flock in becoming integrated goes through a phase of “settling down” which diminishes 
fighting, it would seem that this must result from causal factors that lift the threshold at 
which the presence of another bird evokes pecking or other behavior that in turn evokes 
resistance. In the behavior of juncos there seems to be no reason to believe that the 
hierarchy itself should be counted as an integrating mechanism. The case of the visitors 
in the Seattle flock suggests that the pair relations of any assemblage of juncos can be 
arranged approximately in a hierarchy, whether the assemblage is an integrated flock 
or not. The configuration of the hierarchy appears to reflect merely a quantitative factor 
in individual physiological equipment modified by the effect of conditions under which 
the flock has been assembled. 
CONCLUSIONS 

1. The order of dominance between any two birds in a winter flock of juncos is, as a 
rule, permanent, though it is possible that the order may occasionally change or that 
dominance between two individuals, or in a “pair,” may be so evenly balanced as to be 
unstable. Permanent pair relations exist between visitors and between visitors and flock 
members as well as between members of an integrated flock. Non-linear pair relations 
that occur in triangles are as permanent as those which are linear. 

2. Intolerance in a winter flock of juncos is a spacing device which leaves to each 
bird an area of privacy maintained alike by the pecking of the dominant bird and by the 
avoidance of the subordinate. It does not jeopardize the integration of the flock but 
rather is a factor in the flock’s social structure. Intolerance is not occasioned by competi- 
tion for food, since it decreases under conditions of crowded feeding, and it is not explain- 
able as pugnacity, since such conditions do not increase fighting or pecking. The changes 
that occur in the winter flock with different conditions of feeding, and also at different 
stages of the junco’s yearly cycle of behavior, do not upset the stability of dominant- 
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subordinate pair relationships. Intolerance and dominance should be distinguished, in- 
tolerance like territoriality or spatial routinism being regarded as an aspect of the bird’s 
utilization of space, and dominance being regarded as referable to differences of native 
(perhaps hormonal) endowment modified by the effect of familiarity with territory. 

3. The dominant-subordinate pair relations in a winter flock of juncos can be ar- 
ranged in a scale of dominance that is in general linear but with triangular irregularities. 
A reasonably smooth scale of dominance can probably be found in any assemblage of 
juncos, whether it is an integrated flock or contains a considerable number of visitors. 
The conclusion seems to be suggested that the ordinal scale has no causal efficiency tend- 
ing to bring the flock together, to hold it together, or to segregate it from another flock, 
and that these are the functions of an integrating mechanism. 

4, Though the hierarchy is not a flocking mechanism, its configuration—the position 
of a bird or group of birds in the hierarchy and perhaps the number of triangles—may 
reflect the conditions under which the flock has been assembled. Prior occupancy or 
familiarity with territory seems to be one factor that influences position in the hierarchy. 
In general later additions to a flock tend to fall into lower positions in the hierarchy. 


ACKNOWLEDGMENTS 


Mrs. Sabine died in July, 1956, when the manuscript of this paper was partly com- 
pleted and partly in outline and notes. It was completed by me with guidance regarding 
statistical procedures from Dr. LaMont C. Cole, Department of Zoology, and Dr. D. W. 
Alling, Biometrics Unit, both of Cornell University. In addition Dr. Cole assisted with 
comments and suggestions used in the preparation of the final version of the manuscript. 
—GEorGE H. SABINE. 


LITERATURE CITED 


Allee, W. C. 
1939. Modification of the socia] order in flocks of hens by the injection of testosterone pro- 
pionate. Physio]. Zool., 12:412-440. 
Allee, W. C., Emerson, A. E., Park, O., Park, T., and Schmidt, K. P. 
1949. Principles of animal ecology (Philadelphia and London, W. B. Saunders and Co.). 
Armstrong, E. A. 
1947. Bird display and behaviour (London, Lindsay Drummond, Ltd.). 
Collias, N. E. 
1943. Statistical analysis of factors which make for success in initial encounters between hens. 
Amer. Nat., 77:519-538. 
1944. Aggressive behavior among vertebrate animals. Physiol. Zool., 17:83-123. 
1950. Social life and the individual among vertebrate animals. Annals N. Y. Acad. Sci., 51: 
1074-1092. 
Collias, N. E., and Taber, R. D. 
1951. A field study of some grouping and dominance relations in ring-necked pheasants. 
Condor, 53:265-275. 
Conder, P. J. 
1949. Individual distance. Ibis, 91:649-655. 
Douglis, M. B. 
1948. Socia) factors influencing the hierarchies of smal) flocks of the domestic hen: Interactions 
between resident and part-time members of organized flocks. Physiol. Zool., 21:147-182. 
Emlen, J. T., Jr. 
1952a. Flocking behavior in birds. Auk, 69:160-170. 
1952b. Social behavior in nesting cliff swallows. Condor, 54:170-199. 








Mar., 1959 WINTER SOCIETY OF OREGON JUNCOS 135 


Ginsburg, B., and Allee, W. C. 
1942. Some effects of conditioning on social dominance and subordination in inbred strains of 
mice. Physiol. Zool., 15:485-506. 
Guhl, A. M., and Allee, W. C. 
1944. Some measurable effects of social organization in flocks of hens. Physiol. Zool., 17:320-347. 
Hall, C. S., and Klein, S. J. 
1942. Individual differences in aggressiveness in rats. Jour. Comp. Psych., 33:371-383. 
Hinde, R. A. 
1952. The behaviour of the great tit (Parus major) and some other related species. Behaviour, 
Supplement II, 1-201. 
1953. Appetitive behaviour, consumatory act, and the hierarchical organization of behaviour, 
with special reference to the great tit (Parus major). Behaviour, 5:189-224. 
Lorenz, K. 
1935. Der Kumpan in der Umwelt des Vogels. Jour. fiir Ornith., 83:137—213, 289-413. 
Masure, R. H., and Allee, W. C. 
1936. The social order in flocks of the common chicken and the pigeon. Auk, 51:306-327. 
Moynihan, M. 
1955. Types of hostile display. Auk, 72:247-259. 
Potter, J. H. 
1949. Dominance relations between different breeds of domestic hens. Physiol. Zool., 22:251- 
280. 
Sabine, W. S. 
1949. Dominance in winter flocks of juncos and tree sparrows. Physiol. Zool., 22:68-8). 
1955. The winter society of the Oregon junco: the flock. Condor, 57:88-111. 
1956. Integrating mechanisms of the junco winter flock. Condor, 58:338-341. 
Scott, J. P., and Fredericson, E. 
1951. The causes of fighting in mice and rats. Physiol. Zool., 24:273-309. 
Seward, J. P. 
1945. Aggressive behavior in the rat, III. The role of frustration. Jour. Comp. Psych. 38:225-238. 


Ithaca, New York, July 25, 1958. 











136 Vol. 61 


A REVISION OF THE BOTTERI SPARROW 
By J. DAN WEBSTER 


The grass-loving Botteri Sparrow (Aimophila botterii) is a primarily Mexican 
species that has been studied infrequently by taxonomists. Since the classic revision by 
Ridgway (1901), only Hellmayr (1938) has reviewed all the forms. However, Van 
Tyne (1935) discussed the rounded-winged southeastern races petenica and vulcanica, 
which he regarded as belonging to a separate species. In the most intensive revision thus 
far, Phillips (1943) described two new races and presented evidence that botterii 
intergrades with petenica. Further evidence that botterii intergrades with petenica in 
Chiapas was noted by Edwards and Lea (1955). 

The systematic arrangement of the populations of Aimophila botteriti is difficult for 
at least two reasons: (1) The birds are such late migrants, especially the Mexican 
races, that many collectors have left the field before the birds begin breeding. The 
very late breeding season (June to September) means that all certain breeding speci- 
mens are badly worn. Some September specimens have been marked by careful col- 
lectors as parents of unfledged young although they are well along in the “postnuptial” 
molt. Other September specimens were incubating birds. (2) The species has eluded 
fall and early winter collection almost entirely. The only October specimens (to Octo- 
ber 20) which I have examined are from Arizona, Texas, and Yucatan. A single speci- 
men from Nayarit collected on November 11 is the only specimen that I have seen which 
was taken between October 20 and January 19. 

In the course of the present study, I first examined a series of 86 skins (many of 
them borrowed) at the California Academy of Sciences in January, 1956. Later, in 
1956 and 1957, I assembled a loan series of 188 skins, including only two duplicates of 
the group previously examined; and at the University of Michigan, I studied their 
series of 147 skins, including 21 duplicates of the preceding. Altogether, these 398 
specimens included virtually all of the study skins of this species in the United States, 
except for those in the Moore Collection. 

I must thank the curators of the following museums for the loan of specimens: 
Academy of Natural Sciences of Philadelphia, American Museum of Natural History, 
California Academy of Sciences, Carnegie Museum, Chicago Museum of Natural 
History, Museum of Comparative Zoology, Dickey Collection of the University of 
California at Los Angeles, University of Kansas Museum of Zoology, Louisiana State 
University Museum of Zoology, University of Michigan Museum of Zoology, Minnesota 
Museum of Natural History, Peabody Museum (Yale University), United States Na- 
tional Museum, and the Museum of Vertebrate Zoology. In addition, Allan R. Phillips, 
George M. Sutton, and Lewis D. Yaeger generously loaned me specimens from their 
personal collections. Dr. Alexander Wetmore courteously examined the type of vantynet 
at my request and gave me his opinion of the authenticity of the specimen. Financial aid 
was received from the American Association for the Advancement of Science (through 


the California Academy of Sciences) and from the Hanover College Faculty Research 
Fund. 


ECOLOGY 


The Botteri Sparrow is, with qualifications, a bird of the grasslands. It requires grass, 
but bushes, trees, or stone walls are also necessary. In Zacatecas, Durango, Jalisco, and 
Guanajuato, I found the race mexicana most numerous at elevations of 6400 to 7500 
feet. In these regions the sparrows were sheltered in stone walls or scattered bushes 
(Prosopis or Acacia, usually) or hedgerows or bushes along a creek, wash or irrigation 


~ 
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ditch, but they did most of their feeding in the grassy (Bouteloua sp.) or weedy fields. 
Breeding pairs were collected in an outlying group of pifion pines (alt. 7900 feet) west 
of Fresnillo, Zacatecas, and in a thicket of morning glory trees (/pomoea sp.), north of 
Colotlan, Jalisco, at 6100 feet. These areas apparently represented marginal habitats, 
but at both spots there was considerable open grass nearby. 

I collected the race botterii near Oaxaca City, Oaxaca, in heavily grazed grassland 
with scattered cacti and Acacia bushes, a habitat very similar to that in which mexicana 
is common. To the southeast A. b. botterii breeds in more tropical localities, although I 


Table 1 
Wing Length of Adult Male Specimens of the Botteri Sparrow* 
Mean with 
Population Sample standard Standard 
group number Race size Range error deviation 

4 arizonae 21 63-69 65.14 + 0.36 1.64 
5 1 67 
6 3 62-64 63.3 
1 texana 45 65-71 67.53 + 0.29 1.96 
2 8 64-66 64.5 
3 15 63-68 66.07 + 0.36 1.39 
7, 8, and north- 

ern part of 9 mexicana 27 65-70 66.59 + 0.25 1.34 
Southern part 

of 9 5 69-72 70.6 
10, 11 10 63-69 66.20 + 0.58 1.83 
12 2 64 
13, 14 goldmani 9 61-64 62.7 
16, 17 botterii 13 64-69 65.92 + 0.45 1.62 
15 15 64-67 65.20 + 0.31 1.2 
18 12 59-67 62.68 + 0.63 2.17 
19 vant ynei 1 67 
20 vulcanica 1 62 
21 petenica t 55-60 57.3 


* Migrants omitted. 


have not seen it there myself. On the Isthmus of Tehuantepec, Brown (fide Bangs and 
Peters, 1928; also data entered on specimen labels) found a nest under a pine tree on 
a “pine ridge” 1000 feet in altitude at Chivela, and he collected an immature individual 
in similar habitat at Cacoprieto. In western Chiapas (Edwards and Lea, 1955; Goldman, 
1951), the habitat of botterii is tall grass savannahs in the broad valleys, which are 
generally classified as arid tropical. In southeastern Arizona, stands of tall grass 
(Sporobolus wrightii and S. cryptandrus) with scattered bushes (Prosopis juliflora, 
Acacia greggii, A. constricta) provide the habitat for the race arizonae, according to 
Monson (1947). The race texana is, or was, common on the lush coastal prairie near 
Brownsville, Texas, where mesquite bushes dot the tall bluestem. The race petenica 
inhabits a tropical, palm-dotted savannah near Coatzocoalcos, Veracruz, and in coastal 
Tabasco (Zimmerman, 1957; Ernest P. Edwards, personal communication). The race 
goldmani inhabits tropical, palm-dotted savannah near sea level on the coast of Nayarit 
and near-tropical grassland with scattered Acacia bushes near Compostela, at 2500 feet 
(Allan R. Phillips, personal communication, and my observation). 


SUMMARY OF GEOGRAPHIC VARIATION 


The most prominently variable character is dorsal coloration. Basically, the dorsal 
pattern is of the common “sparrow” type, with black, brown, and gray stripes alternating. 
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The hue, degree of pigmentation, and relative area covered by all three colors vary both 
individually and geographically. Thus Aimophila botterii is predominately pale reddish 
brown in Arizona and northwestern México, dark reddish brown on the coast of central 
western México, black and gray, with the browns restricted, in the highlands of central 
México, pale gray in south Texas and along the coast of northeastern México, and dark 
brown in the eastern and southern highlands of México and on the southern side of the 
Isthmus of Tehuantepec. The dark reddish brown color appears again in the Great 
Valley of Chiapas; birds from the highlands of Guatemala are dark brown, and the 
birds of Nicaragua and Costa Rica are brownish black. In the Gulf lowlands, birds with 
very black backs, with the browns virtually absent, are found from central Veracruz to 
northeastern Guatemala. 

Ventral coloration differs less than dorsal coloration. To the east, specimens from 
the lowlands along the Gulf are almost white, from Texas to Guatemala; this compares 
with dusky or ochraceous suffusion of the under parts in specimens from more western 
and highland regions. To the south, the birds of Nicaragua and Costa Rica are the most 
dusky. 

Wing length (see table 1) is at a maximum in central México, and is only slightly 
less to the north, as far as Texas and Arizona, in the southern highlands to Guerrero, 
and in the lowlands of the southern side of the Isthmus of Tehuantepec. It is shorter 
along both coasts of México, reaching a minimum in the southern Gulf lowlands. The 


Table 2 
Tail Length of Adult Male Specimens of the Botteri Sparrow* 
Mean with 
Population Sample standard Standard 
group number Race size Range error deviation 

4 arizonae 21 58-69 63.00 + 0.58 2.68 
5 1 64 
6 3 63-65 63.7 
1 texana 45 57-68 62.96 + 0.41 2.78 
2 8 58-64 61.4 
3 15 58-65 60.40 + 0.61 2.36 
7, 8, and north- 

ern part of 9 mexicana 29 56-68 63.00 + 0.51 aad 
Southern part 

of 9 5 59-68 63.8 
10, 11 10 60-68 62.20 + 0.83 2.64 
12 2 60-63 61.5 
13, 14 goldmani 9 58-63 60.5 
15 botterii 15 56-63 59.40 + 0.56 247 
16,17 12 61-66 63.42 + 0.67 2.34 
18 12 51-65 58.92 + 0.95 3.29 
19 vant ynei 1 66 
20 vulcanica 1 60 
21 petenica 5 49-55 51.2 

* Migrants omitted. 


wing is short in western Chiapas, longer again in Guatemala, but short again in Nica- 
ragua and Costa Rica. 

Tail length (see table 2) follows a different pattern, with the maximum in the high- 
lands of central and northwestern México and Arizona. Length drops toward both coasts. 
To the south, the drop is at the Balsas Valley, with the minimum again in the southern 
Gulf lowlands. The tail is fairly long in the highlands of Central America. 
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Degree of sharpness of the wing was measured in millimeters by the relative lengths 
of primaries 9 and 3. A pointed wing, 9 longer than 3, is recorded as +, and a rounded 
wing, 9 shorter than 3, is recorded as — (see table 3). A pointed wing, presumably 
related to longer migratory flights, is found in the northern areas and central highlands, 
whereas a rounded wing is found in the tropical lowlands and southern highlands. 


SPECIES LIMITS 


Ridgway (1901) was the first to place the black form petenica, from the southern 
coast of the Gulf, as a race of botterii. Van Tyne (1935), with more extensive material, 
attempted to show that petenica was a distinct species. I believe that Van Tyne was 
mistaken in his supposition that the two forms are sympatric; the only record of petenica 
from any locality except the coastal lowlands is the specimen from Huatusco, in the foot- 
hills of Veracruz (see map, westernmost locality for petenica). This specimen, taken by 
Sartorius, is the type of Peucaea sartorii Ridgway, which is generally regarded as a 
synonym of petenica. It is definitely browner than four specimens of petenica from the 
lowlands of Veracruz and Petén, and I regard it as intermediate, toward botterii. The 
nearest locality from which A. b. botterii has been collected is Orizaba, 30 miles south- 
west of Huatusco; the specimen I examined was collected in 1866 by Sumichrast. Various 
other races of botterii are found near sea level along the Pacific coast and on the north- 
ern Gulf coast, south of Tampico. 

The following differences have been used to separate petenica as a distinct species: 


Author Character botterii petenica 
Ridgway wing sharpness oe — 
Van Tyne wing length longer shorter 

tail length longer shorter 
adult color paler blacker 
juvenal plumage color paler blacker 


As to wing sharpness, I find (table 3) that some populations other than petenica have 
a rounded wing, and that the wing is not always very rounded in petenica. As to wing 
length (table 1) and tail length (table 2), I find a definite overlap in males of A. 6. 
botterii from Chiapas and petenica. As to adult color, there is a definite gap between 
petenica and other races, which is only partly bridged by specimens from Ebano, San Luis 
Potosi (see page 143); Huatusco, Veracruz; and Monserrate, Ocozocoautla, and Meya- 
pac, northwestern Chiapas. I anticipate that complete intergradation in adult coloration 
will, in the future, be found in the foothills of Veracruz and northern Chiapas and on 
the coastal plain of northern Veracruz. As to color of the juvenal plumage (see page 144), 
I am unable to distinguish between specimens of petenica and those of A. b. botterii from 
Chiapas. 

Ridgway (1873) regarded the Bachman Sparrow (A. aestivalis) and the Botteri 
Sparrow as conspecific, but later (1901) he separated them. This action has been fol- 
lowed in all of the A.O.U. check-lists (including 1957). Hellmayr (1938) questioned this. 
My own study has not included any specimens of the Bachman Sparrow from the Texas 
portion of its range, which extends in east Texas to within 290 miles of the range of the 
Botteri Sparrow in south Texas. Specimens of A. aestivalis illinoiensis from the Missis- 
sippi Valley examined by me were, however, strikingly distinct from A. botterii in their 
bright rufescent coloration and in the possession of a distinct postocular stripe. Measure- 
ments overlap only if comparison of A. aestivalis is made with distant races of A. botteris, 
rather than the proximate A. b. texana. I regard A. aestivalis and A. botterii as separate 
species. 
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Table 3 
Sharpness of Wing of Adult Specimens of the Botteri Sparrow* 
Population 


group number Race Sample size Range Average 
4 arizonae 19 Oto+2 + 0.7 
6 4 —ito+1 + 0.2 
i texana 23 Oto+ 3 + 1.1 
3 3 +1to+3 + 2.0 
7, 8,9, 10, 11 mexicana 36 Oto+3 + 1.2 
12 2 —lito 0 —0.5 
13, 14 goldmani 10 —2to O — 0.8 
15, 16 botterii 8 —3to 0 —1.0 
17 13 —ito+1 + 0.2 
18 17 —2to 0O — 1.2 
19 vant ynei 3 —2to—1 —1.2 
20 vulcanica 1 —3 — 3.0 
21 petenica 6 —2to 0O —1.0 


* Migrants omitted. 

SYNOPSIS OF THE RACES 
Aimophila botterii arizonae (Ridgway) 

Peucaea aestivalis var. arizonae Ridgway (1873: 615). 

Type.—U.S. Nat. Mus. no. 6327 (examined), unsexed, Los Nogales, México (= Sonora), June, 
1855, collected by C. B. Kennerly. 

Diagnosis—Generally a pale reddish race. Dorsally redder, less gray than texana; strikingly 
listinct from all but three out of 152 specimens examined from Texas and the coast of Tamaulipas 
(groups 1 and 2, see fig. 1), but Arizona population (group 4) somewhat closer to the population of 
inland Tamaulipas (group 3) ; paler, with browns more restricted, than goldmani; paler, more coppery 
red, less blackish, than mexicana. Ventrally duskier, less whitish, than texana, but redder, less ochra- 
ceous brown than mexicana and goldmani. Wing moderately long (see table 1) ; tail rather long (see 
table 2) ; wing rather pointed (see table 3). 

Variation —To the southeast, a specimen from northern Durango (group 5) is more reddish, less 
blackish, than any mexicana, but it is darker and more blackish than-any from Arizona or Sonora. To 
the southwest, along the Pacific coast, there is doubtless contact with goldmani in Sinaloa, but I have 
not seen specimens to demonstrate this. The color characters of arizonae are best exhibited in the popu- 
lation from southeastern Sonora (group 6). 

Range—Southeastern Arizona north to Oracle; extreme southern and northeastern Sonora; 
northern Durango. No doubt intermediate areas in central Sonora and in Chihuahua are inhabited. 
Two winter specimens were examined from Cuernavaca, Morelos, taken April 27, 1908, and April 9, 
1949. 

Aimophila botterii texana Phillips 

Aimophila botterti texana A. R. Phillips (1943: 242). 

Type—U.S. Nat. Mus. no. 165985 adult male, Brownsville, Texas, May 2, 1900, collected by 
Vernon Bailey. 

Diagnosis Generally, a pale, gray race. Dorsally, grayer and in most cases also paler than 
arizonae ; paler, grayer, and less blackish than mexicana; paler, grayer, and less brownish than botterii; 
very much paler and less black than petenica. Ventrally, whiter and paler than all other races except 
petenica, from which it is indistinguishable. Wing long and pointed, tail relatively short. 

Variation —In Texas and on the northern coast of Tamaulipas (group 1), the color characters are 
well developed, although three aberrant extremes are a rusty brown not unlike some specimens of 
arizonae. Near Tampico, on the southern coast of Tamaulipas (group 2), the dorsal color averages 
slightly browner. Farther inland (group 3), in the Sierra de Tamaulipas and near Xicotencatl the dorsal 
color is browner and slightly darker. In fact, group 3 could almost be called a pale, grayish, short-tailed 
population of botterii. Wing length is longer in groups 1 and 3 than in 2. 

Range.—A narrow strip along the coast from Los Fresnos, Cameron County, Texas, to Tampico, 
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southern Tamaulipas; inland Tamaulipas east of the Sierra Madre Oriental from the Sierra de Tamauli- 
pas south to Manuel. 

The only specimen taken between October and April was one from Tampico, Tamaulipas, labeled 
“Mar., 1888”; Phillips (1943) suggests that it might be wrongly labeled as to date. Specimens from 





Fig. 1. Northern Middle America, showing the breeding range of Aimophila botterii. International 
boundaries = thin solid line; Mexican state boundaries = thin dashed line; approximate boun- 
daries of the races = thick solid line; boundaries of population groups = thick dashed line. The 
races are: groups 1, 2,3 = A. b. texana; 4, 5,6 = A. b. arizonae; 7, 8,9, 10, 11,12 = A. b. mexicana; 
13, 14 = A. b. goldmani; 15, 16, 17, 18 = A. b. botterii; 19 = A. b. vantynei; 20 = A. b. vulcanica 
(distorted somewhat to the west of actual position) ; 21 = A. b. petenica. Each solid dot marks a 
spot from which one or more specimens were examined. Each hollow dot marks a locality reported 
in the literature for the species, but from which no specimen was examined in the present study. 


Los Fresnos, Texas, April 28, 1934, and Acufia, Tamaulipas, April 19, 1949, probably represent early 
arrivals on the nesting grounds. 


Aimophila botterii mexicana (Lawrence) 


Coturniculus mexicanus Lawrence (1867: 474). 

Type—vU.S. Nat. Mus. no. 31825 (examined), @ (so marked, but size indicates probably ¢), 
Mountains of Colima, June 1863, collected by John Xantus. 

Diagnosis —Generally, a black and dark gray race. Dorsally, blacker and with darker browns 
and grays than texana; darker, blacker, and less ruddy than arizonae; grayer, blacker, less reddish 
brown than goldmani; more gray and black, less brownish than botterii. Ventrally, not consistently 
distinguishable from botterii and goldmani; darker, less whitish, than texana; less reddish and more 
ochraceous or more grayish brown than arizonae. Wing long and pointed; tail moderately long. 
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Variation—Dorsally, a single specimen (group 8) from the east side of the desert is paler gray 
and less zebra-patterned (dark gray and black) than the other 27 comparable specimens; it represents 
a tendency toward texana. Group 7, from western San Luis Potosi, southern Durango, western 
Zacatecas, northwestern Jalisco (vicinity of Colotlan), and northeastern Jalisco, has been taken as 
the standard for this subspecies; the grays are paler and the browns redder than in groups 8, 9, and 10. 
Group 9, from Guanajuato, central San Luis Potosi, Distrito Federal, and Morelos, is slightly less 
zebra-patterned, with the browns browner and the grays darker than in group 7. Group 10, from 
Michoacan, is the blackest, darkest population of the subspecies, and in this respect is close to some 
of the Central American populations. Only one specimen is available from Colima (group 11), and it is, 
unfortunately, the holotype of the subspecies. The grays in the back of this specimen are pale, but the 
blacks are very black, so that it is zebra-patterned, matching best two specimens from Colotlan, north- 
western Jalisco (group 7); it is, also, similar to specimens of groups 10 and 12. Group 12 is from 
Magdalena, Jalisco, and 7 miles east of Tepic, Nayarit; but the specimen from Tepic is browner 
dorsally than any other specimen of mexicana, although much more gray and black than any goldmani, 
including the population from Compostela, only 20 miles away. Ventral variation is not coordinated 
with geography, save that groups 10 and 11 tend to be more extensively suffused and with a duskier 
shade of ochraceous than other populations. 

Wing length and tail length are greatest in the southern part of group 9 (Guanajuato, Distrito 
Federal, and Morelos) where the largest individuals of the species are located; wing length and tail 
length are shortest in group 12. The only specimen with a rounded wing (9th primary shorter than 3rd) 
which I have identified as mexicana is the specimen from Tepic, which is, of course, intermediate 
toward goldmani. 

Range.—The central Mexican highlands, from southern Durango and Charcas, central northern 
San Luis Potosi, south to Colima, central Michoacan and northern Morelos; west to 7 miles east of 
Tepic, Nayarit; and east to Pendencia, San Luis Potosi, and the Valley of México. 

Of wintering or migrant mexicana examined, there were three specimens like those from the dark 
breeding population from Michoacan (group 10) ; these were obtained at San Vicente, Chiapas, April 
16 and 20, 1904, and at Chilpancingo, Guerrero, June 3, 1948. Three other specimens, from Tuxtla 
Gutierrez, Chiapas, May 24, 1904, and Chilpancingo, Guerrero, April 2, 1948, and May 26, 1931, 
represent the paler, larger group 7, from Durango, Zacatecas, and other areas. An immature specimen 
taken by Allan Phillips 2 miles west of Compostela, Nayarit, on November 11, 1956, belongs to group 
12, the population intermediate toward goldmani, and might not have flown more than 20 miles from 
its hatching place. It was from the same area where Phillips had collected a breeding series of 


goldmani in June. 
Aimophila botterii goldmani Phillips 


Aimophila botterii goldmani A. R. Phillips (1943: 243). 

Type—U'S. Nat. Mus. no. 157267 adult male, Santiago, Nayarit, June 19, 1897, collected by E. W. 
Nelson and E. A. Goldman. 

Diagnosis ——Generally, a dark reddish brown race. Dorsally, darker and browner, less pale red 
than arizonae; deeper, more reddish brown, less gray and black than mexicana. Ventrally, not con- 
sistently different from mexicana, but on the average more extensively and intensively suffused with 
ochraceous; duskier, less reddish brown than arizonae. Wing and tail short; wing rounded. 

Variation.—The series from Compostela (group 13) differs slightly in color from that representing 
the population of the coast (group 14). Dorsally the specimens from Compostela are duller brown, 
with the browns duller and less reddish and the grays grayer. Ventrally, they are paler. I have not 
examined the specimens from northern and central Sinaloa reported by Miller (1957); those from 
central Sinaloa are probably intermediate between arizonae and goldmani. 

Range.—Savannahs along a narrow coastal strip from Rosario, southern Sinaloa, south to San- 
tiago, Nayarit; also a small grassland area in the vicinity of Compostela, in the uplands (2500 feet in 
elevation) of southwestern Nayarit. No winter or migrant specimens were examined. 


Aimophila botterii botterii Sclater 


Aimophila botterii Sclater (1857: 214). 
Type—In British Museum, from Orizaba, Veracruz. 
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Diagnosis —Generally, a moderately dark brown race. Dorsally, browner or more reddish brown, 
less gray and black than mexicana; darker and browner than texana; browner or more reddish brown 
and less blackish than petenica; paler brown (Veracruz, Puebla, Guerrero) or more reddish (Oaxaca, 
Chiapas) than vantynei. Ventrally, not distinguishable from mexicana; more extensively suffused, and 
with a darker shade of ochraceous than texana and petenica; paler, less dusky than vantynei. Wing and 
tail length variable from moderate to short; wing shape variable, from slightly pointed to definitely 
rounded. 

Variation.—This race is more variable than any of the others. Also, because of the admixture of 
wintering and migrant specimens in the range of this race, larger series are necessary for adequate 
diagnosis than in the other subspecies. 

At least four population groups are distinguishable: Dorsally, the birds of eastern San Luis Potosi 
(La Media Luna), Veracruz (Orizaba), and Puebla (group 17) are the darkest and brownest. The 
series from western Chiapas (group 18) is more reddish with the grays and blacks more restricted; 
this is true especially of specimens from the Great Valley, Tuxtla and San Bartolomé. Breeding speci- 
mens taken in August and September in northwestern Chiapas (Monserrate, Ocozocoautla, Ocuilapa, 
Meyapac) are darker, less reddish than material from Tuxtla, Valley of Jiquipilas, and San Bar- 
tolomé. This suggests intergradation with petenica, as Phillips (1943) and Edwards and Lea (1955) 
have pointed out. The series from Oaxaca (group 16) is slightly paler and averages more reddish than 
group 17, but it is not as reddish as groups 15 or 18. The series from Guerrero (group 15) is slightly 
darker and more reddish than group 16; it is not as reddish as group 18 and slightly more reddish 
and less black than group 17. Ventrally, group 17 is a duller, darker shade of brown than the southern 
populations. 

Wing length is shorter in Chiapas (group 18) than elsewhere. Tail length is shorter in Guerrero 
(group 15) and Chiapas (group 18) and longer in groups 16 and 17. The wing is moderately pointed 
in the northern population, but it is definitely rounded in the three southern groups. 

A male specimen from Ebano, on the Gulf coast plain of San Luis Potosi, was taken May 22, 
1951, by Leonard Guerrero. The testes were 6 mm. long, wing 68 mm., tail 63 mm.; the 9th primary 
equals 3rd (Louisiana State Mus.). It is darker brown dorsally than any other specimen of botteri?, 
although the measurements and the ventral coloration are in the range of the northern segment of the 
race. But I have examined breeding specimens of pale gray texana from Tampico, only 35 miles 
east, and a pale gray juvenile from Manuel, only 35 miles north, with no known geographic barriers 
intervening. It probably represents a northern outpost of a presently unknown population intermediate 
between petenica and botterii and found on the Gulf coast plain of northern Veracruz. I have not 
examined the laying specimen from Laguna Tamiahua, Veracruz, reported by Miller (1957). Perhaps 
it is similar to this Ebano specimen. 

Range.—Highlands of southeastern México, from La Media Luna in the mountains of south- 
eastern San Luis Potosi south to Oaxaca City, Oaxaca, and west to Chilpancingo, Guerrero, and 
Atlixco, Puebla; south side of Isthmus of Tehuantepec (Oaxaca) from Chivela to Tapanatepec and 
Cacoprieto; interior valleys of western Chiapas (Jiquipilas, Monserrate, Tuxtla, San Bartolomé, 
Ocuilapa, Ocozocoautla) . 

Of botterii there were nine wintering or migrant specimens examined. Group 17 (Puebla area) was 
represented by a specimen taken April 17, 1904, at San Vicente, Chiapas, by Nelson and Goldman. Two 
birds taken on March 24, 1904, from San Bartolomé, Chiapas, seemed to be wintering at or near 
their breeding area. The breeding population from Guerrero (group 15) was represented by three 
resident specimens from Chilpancingo taken on January 19, March 1, and March 2, 1948, and also 
by three specimens from Cuernavaca, Morelos, taken on March 19, April 6, and April 13, 1908. 


Aimophila botterii vantynei new subspecies 


Type-—vU.S. Nat. Mus. no. 191686, female, Guatemala City, Guatemala, June 20, 1897, collected 
by Alfaro; wing 61 mm., tail 58 mm. 

Diagnosis —Generally, a dark brown race. Dorsally browner and less reddish than botteri from 
Chiapas and Oaxaca; darker brown than botterii from Veracruz, Puebla, and Guerrero; paler, browner, 
and less blackish than vulcanica and petenica. Ventrally, paler and less dusky-blackish than vudcanica; 
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darker and browner, less whitish than petenica; darker and duskier than botterii. Wing and tail 
moderately long; wing rounded. The only three specimens are identical in color. 

Range.—Antigua and Guatemala City, in the highlands of southern Guatemala. No winter speci- 
mens were seen. 

Remarks.—tThe male specimen from Antigua taken on May 17, 1924 (Amer. Mus. Nat. Hist.) has 
been discussed by Miller and Griscom (1925) and Van Tyne (1935). Van Tyne wrote “subsp. nov.” 
on the label. An unsexed, undated adult from Guatemala City (Acad. Nat. Sci. Phila.) has been pre- 
viously reported by Carriker and de Schauensee (1935). It has the measurements of a female. 


Aimophila botterii vulcanica Miller and Griscom 

Aimophila botterii vulcanica Miller and Griscom (1925: 3). 

Type—In Amer. Mus. Nat. Hist.; from Volcan de Chinandega, Nicaragua. 

Diagnosis.—A very dark blackish-brown race. Dorsally, much blacker than botteri and vantynei; 
browner and not so intensely black as petenica. Ventrally, darker and duskier than any other race, in 
this respect departing strikingly from petenica, which is almost white below. Wing and tail short; 
wing rounded. Only one specimen was examined. 

Range.—Highlands of Costa Rica and Nicaragua. No winter or migrant specimens were seen. 


Aimophila botterii petenica (Salvin) 

Zonotrichia petenica Salvin (1863: 189). 

Type.——tIn British Museum; from La Libertad, Petén, Guatemala. 

Diagnosis —A black race. Dorsally, blacker than any other race and notably lacking in reddish or 
brownish pigmentation. Ventrally, whiter, less brownish, than any other race except texana, from 
which it is not distinguishable. Wing and tail very short; wing rounded. 

Variation —The above diagnosis fits the populations from lowland Veracruz, Petén, and Palenque. 
Three molting specimens taken in October from Mérida, Yucatan, have equally short wings and tails, 
but less rounded wings.Their dorsal color is browner than specimens from Veracruz and Petén, indeed 
they are hardly distinguishable from vulcanica; ventrally they are close to specimens from Veracruz 
and Petén, but they are more suffused with buffy. However, in view of the seasonal difference in the 
specimens involved, this comparison is tenuous. As noted previously (page 139) a specimen from the 
foothills of Veracruz (Huatusco), is browner than birds from the lowlands and probably represents a 
trend toward botterii. It, too, is dorsally not unlike a specimen of vulcanica from Costa Rica, far to 


the south. 
Range.—Tropical savannahs near sea level, from near the city of Veracruz east to Mérida, 
Yucatan, and south to Palenque, Chiapas, and La Libertad, Petén. No winter specimens were seen. 


JUVENAL PLUMAGE 


A series of 22 specimens in juvenal plumage was examined (6 texana, 1 arizonae, 
3 mexicana, 8 botterii, and 4 petenica). Geographic variation in color was most apparent 
when the specimens were laid out laterally. 

Specimens of northernmost ¢exana are the palest and grayest. The one of arizonae is 
slightly darker than these pale texana, but it is paler than the others and definitely more 
buffy than any. One of botterii from Puebla, two of southern texana, and two of mexicana 
are a little darker than the preceding. One of botterii from Guerrero is of equal darkness 
to those just mentioned, but it is slightly more yellowish and less ruddy, although it 
lacks the olive tones of some of the succeeding specimens. Three specimens of botterii 
from Puebla and the last specimen of mexicana (from Morelos) are darker than all of 
the preceding; one of these, from Puebla, shows a slight tinge of olive. Petenica and the 
botterii from Chiapas and Oaxaca are more black and more olive than all of the pre- 
ceding; while they are equally black, the botterii from Oaxaca is more olive than the 
two Chiapas botterii and four petenica. 

The specimen from Villar, San Luis Potosi (U.S. Nat. Mus. no. BS 135918), referred 
to by Phillips (1943) was examined. While it is marked “A. dotterii” in a hand un- 
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known to me, as well as in Phillips’, I disagree. I would call it A. ruficeps boucardi, adults 
of which were recorded from that locality by Ridgway (1901). 


MIGRATION AND ORIGIN 


The few, scattered winter and migration records seem to show that the longer, more 
pointed-winged northern populations spend the period from November to May in the 
arid tropical zone of southern México. Inasmuch as this very area is the year-round 
home of most of the other species in the genus, this invites speculation on the origin of 
the Botteri Sparrow. 


I suggest that there was a common late Pliocene ancestor of A. dotterii and A. 
aestivalis which became adapted to grasslands rather than thorn scrub like its congeners 
and which evolved on some isolated grassland of southern México (perhaps the Oaxaca 
highland). Later it spread through the highlands of México and into the eastern United 
States. During the Pleistocene, A. aestivalis differentiated in Florida and A. b. petenica 
in the Gulf coast lowlands. It was probably during the Pleistocene that the coastal plains 
of México were first occupied. In Recent time the species again spread north into the 
United States. 


SPECIMENS EXAMINED 


This list includes only adults taken between April and October and presumed to be 
on their breeding grounds. Migrants, wintering birds and juveniles have been listed 
previously. Four more specimens taken in March and April from Guerrero and Micho- 
acan were examined early in this study, before these racial concepts were worked out; 
their racial identity is now in doubt. 

A. b. arizonae.—arizona, 28: Santa Cruz County, Babocomari Ranch, 2, Camp Crittenden, 12; 
Pinal County, 7 miles northwest of Oracle, 1; Pima County, Vail’s Ranch, 1; Cochise County, Double 
Adobe, 1, Ft. Huachuca, 3, San Bernardino Ranch, 1, 5 miles west of Guadalupe Canyon, 1, Fairbank, 1, 
Huachuca Mts., 2, Cienega, 1, Niggerhead Mt., on Sonora border, 2. sonora, 7: Los Nogales, 1 (type), 
Guirocoba, 6. DURANGO, 1: Resolana. 

A. b. texana.—tTeExas, 138: Cameron County, Brownsville, 10, Los Fresnos, 128. TAMAULIPAS, 32: 
Matamoros, 4, La Carbonera, 1, Nuevo, 2, Tampico, 7, Mesa Angostura, 5, 3 miles north of Mante, 2, 
Acufia, 8, Xicotencatl, 3. 

A. b. mexicana.—DURANGO, 3: Atotnilco, 1, El] Chorro, 2. zaAcaTEcas, 8: Sain Alto, 1, 16 miles 
northwest of Fresnillo, 5, 27 miles west of Fresnillo, 1, Plateado, 1. yaLtsco, 11: Colotlan, 6, Jaralillo, 1, 
Tepatitlan, 2, Magdalena, 1, 8 miles west of Huejucar, 1. NAYARIT, 1: 7 miles east of Tepic. san LUIS 
potosi, 11: Pendencia, 1, Charcas, 1, Salinas, 1, Illescas, 4, Villa de Reyes, 2, Poso del Carmen, 2. 
GUANAJUATO, 3: Eupataro, 1, Guanajuato, 1, San Miguel Allende, 1. DISTRITO FEDERAL, 2: Unspecified, 1, 
San Nicolas, 1. MORELOS, 1: Cuernavaca. MICHOACAN, 11: Taraquato, 2, Patzcuaro, 2, Morelia, 1, 
Tacambaro, 1, Zacapu, 1, 9 miles west of Jacona, 2, Jiquilpan, 1, Zamora, 1. coLmma, 1: Mountains 
of Colima (type). 

A. b. goldmani.—navarit, 10: Compostela, 5, Santiago, 2, Rosa Morada, 2, Acaponeta, 1. SINALOA, 
1: Rosario. 

A. b. botterii—san Luts porost, 5: La Media Luna, 4, Ebano, 1. vERAcRUzZ, 1: Orizaba. PUEBLA, 9: 
Atlixco. oAxAcA, 5: Oaxaca City, 1, Chivela, 3, Tapanatepec, 1. GUERRERO, 30: Chilpancingo, 26, Amoji- 
leca, 4. CHIAPAS, 16: Valley of Jiquipilas, 3, Tuxtla Gutierrez, 5, Ocozocoautla, 1, Ocuilapa, 2, Meyapac, 
4, La Lomita, 1. 

A. b. vantynei—GUATEMALA, 3: Antigua, 1, Guatemala City, 2 (1 the type). 

A. b. vulcanica—costTa RICA, 1: Miravalles. 

A. b. petenica—veRACRUZ, 2: 30 miles southeast of Coatzocoalcos, 1, near Huatusco, 1. YUCATAN, 
3: Mérida. GUATEMALA, Petén, 3: La Libertad. 
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RECENT BIRD RECORDS FROM WESTERN MONTANA 
By ROBERT S. HOFFMANN, RALPH L. HAND and PHILIP L. WRIGHT 


Since the publication of Saunders’ “‘A Distributional List of the Birds of Montana” 
(Pac. Coast Avif. No. 14, 1921), contributions to distributional knowledge of Montana 
birds have appeared only in the form of notes or regional lists and new information 
is still being gathered. It therefore seems desirable to publish the following records from 
western Montana. Unless otherwise noted, all specimens collected are in the Montana 
State University Zoological Museum. All sight records reported were made by one or 
more of the authors. 

Pelecanus erythrorhynchos. White Pelican. The occurrence of this species west of the Continental 
Divide does not appear to be on record. On May 18, 1957, Hoffmann saw 10 pelicans flying high above 
Brown’s Lake, Powell County, and the next day they were observed on the lake throughout the 
morning. Several bore prominent bill crests. 

Phalacrocorax auritus. Double-crested Cormorant. An immature specimen was obtained near 
Kalispell, Flathead County, by Louis Palmer on January 1, 1952, and was presented to the Zoological 
Museum. Presumably the bird had been injured, but it was in good flesh when received. This is the first 
record of the species west of the Continental Divide, although it is a summer resident in the eastern 
part of the state. 

Olor buccinator. Trumpeter Swan. Mackay (Condor, 59, 1957:339) has recently established that 
movement of Trumpeter Swans occurs between the Red Rock Lakes area in Montana and the Peace 
River District of Alberta. In the light of this migration, the following records are of interest. On 
October 31, 1953, Hand saw a flock of approximately 30 swans flying in a southeastern direction 
over Missoula, Missoula County. The call notes were much louder and entirely different from those 
of the Whistling Swan, with which he is very familiar. Then, in 1957, a flock of three to four swans 
was present from the end of March until about April 14 on a pond near Florence, Ravalli County 
(Hoffmann and Wright). None possessed a yellow bill spot, but neither were they heard to call, and 
their identity as Trumpeters is not certain. The landowners reported that “trumpeter type” swans had 
visited the pond every spring for at least the last ten years. 

Anser albifrons. White-fronted Goose. There appear to be no records of this species from Montana 
west of the Continental Divide. The head, feet and wings of an immature specimen that had been 
shot by Clarence Brown near Frenchtown, Missoula County, on October 10, 1954, were brought to 
Hand. It was identified as this species by Lowell Adams of the U. S. Fish and Wildlife Service. 

Bucephala islandica. Barrow Golden-eye. This species, although formerly considered rare in 
Montana (Saunders, Pac. Coast Avif. No. 14, 1921:38), is a fairly common migrant at Brown’s Lake, 
Powell County. On May 13, 1956, the male of a pair, and on May 18, 1957, the female of a pair, were 
collected; both are adult specimens. On this latter date the species was quite common on the open 
water on the lake, mostly in pairs, but no Common Golden-eyes (B. clangula) were seen. Wright’s 
records for the species include a female with a widely scattered brood at Howe Lake, Glacier National 
Park, Flathead County, on June 29, 1949, and four in female plumage seen at Red Meadow Lake, 
Flathead County, on July 5, 1949. The latter appeared not to be breeding. Silloway (Univ. Mont. 
Bull., Biol. Ser., no. 1, 1901:39) lists as Common Golden-eyes several specimens taken on Sin-yale-a- 
min Lake (now St. Mary’s Lake), Flathead Indian Reservation (now Lake County) and at the north 
end of Flathead Lake. Silloway’s remaining specimens, from St. Mary’s and Swan lakes, have been 
re-examined and are definitely Barrow Golden-eyes. Since he referred all golden-eyes to B. clangula 
with the remark “This species appeared to be by far the most abundant of the summer ducks in the 
Flathead Region,” the status of the two species at that time must remain in doubt. However, at present 
B. clangula does breed in the Flathead Valley at lower elevations, while B. islandica is frequently 
encountered on lakes at higher altitudes in the surrounding mountains. Each species is not uncommon 
in its appropriate habitat. 

Clangula hyemalis. Oldsquaw. Harold Knapp and John Craighead collected an adult male in full 
winter plumage on a pothole near Ninepipe Reservoir, Lake County, on October 20, 1953. Another 
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individual was present, but was not obtained. The only other specimen from western Montana was 
taken near Kalispell, Flathead County (Saunders, op. cit.:38). 

Falco rusticolus. Gyrfalcon. Only a few sight records and one specimen (Bowles, Condor, 24, 1922: 
28) of this species are available from Montana. An adult female in the gray plumage phase was obtained 
by Robert Cooney at Lake Sewell, Lewis and Clark County, on November 10, 1946. 

Charadrius semipalmatus. Semipalmated Plover. The only records of this species for Montana are 
two sight records from widely separated localities (Weydemeyer, Auk, 47, 1930:98; Hotchkiss, Condor, 
50, 1948:275). On August 24, 1952, Hand saw one among a small group of Killdeer, about 24 miles 
west of Missoula, along the Clark Fork River. On August 11 and 26, 1955, he saw one each day at 
Kicking Horse Reservoir, Lake County. 

Squatarola squatarola. Black-bellied Plover. Saunders’ (op. cit.:53) only references to this species 
are: “Several birds . . . seen at Priest Butte Lakes, September 4, 1911,” and “taken every fall by 
hunters at Flathead Lake.” A specimen in the Zoological Museum labeled Missoula, September 16, 
1897, taken by M. J. Elrod, has not been reported in the literature. Hoffmann collected a male and 
female, and saw others, on October 5, 1957, at Kicking Horse Reservoir, Lake County, and Hand saw 
two in breeding plumage, with a small group of dowitchers, at the same place on May 24, 1957. 

Limnodromus scolopaceus. Long-billed Dowitcher. Only a few sight records of dowitchers west 
of the Continental Divide have been published (Hand, Condor, 55, 1953:45; Weydemeyer, Condor, 
33, 1931:128). A male in breeding plumage, taken by D. E. Davis on August 14, 1952, near Somers, 
Flathead County, and another in winter plumage obtained on October 5, 1957, near Ninepipe Reservoir, 
Lake County, are definitely of this species. 

Micropalama himantopus. Stilt Sandpiper. Two birds, a male and one of undetermined sex, were 
collected by D. E. Davis on a slough east of Somers, Flathead County, on August 14, 1952. The only 
other record for the state is a series of seven obtained by Coues, probably in northern Teton County, 
east of the Continental Divide (Saunders, op. cit.:48). 

Lobipes lobatus. Northern Phalarope. Saunders (0p. cit.:45) indicates that this species is primarily 
a spring migrant in eastern Montana, and a fall migrant in the western half of the state. Wright 
observed two flocks at Medicine Lake, Sheridan County, on June 13, 1942. These birds were probably 
migrants because they were still flocked, but the date is late. A group of two females and three males 
was seen with a flock of Wilson Phalaropes at a small pond two miles southwest of Missoula on 
May 17, 1955. One of them was collected and the identification confirmed, but the specimen was 
not preserved. This constitutes the only spring record for western Montana. 

Stercorarius longicaudus. Long-tailed Jaeger. Wright (Auk, 67, 1950:514) first reported this species 
in Montana, on the basis of a mummified, partial carcass picked up at Ninepipe Reservoir, Lake 
County, in May, 1947. On about October 1, 1957, an adult male of this species flew into the house of 
Mr. Vern Staples, 6 miles south of Hall, Granite County. The bird was kept alive on a fish diet for 
over a month by Mr. Staples. After its death, he presented the specimen to the M.S.U. Zoological 
Museum. Autopsy revealed it to be very emaciated. 

Larus philadelphia. Bonaparte Gull. This species is recorded by Saunders (op. cit.: 30) as an 
uncommon migrant in western Montana, but no records have been published since that time. Hand’s 
sight records include: May 11, 1952, one adult, Ninepipe Reservoir, Lake County; October 26, 1956, an 
adult in fall plumage, pothole at south edge of Missoula; November 1, 1956, one immature, two miles 
west of Missoula along the Clark Fork River; May 14, 1957, a flock of 5 adults and 6 immatures, 
pothole south of Missoula. An adult male was collected at the last locality two days later, at which 
time the only other gull remaining was an immature bird. Two immature specimens were taken near 
Somers, Flathead County, by D. E. Davis on August 13, 1952. Finally, three immature birds were seen 
by Hoffmann in a flock of about 50 Ring-billed Gulls resting on the shore of Brown’s Lake, Powell 
County, on May 18, 1957. 

Xema sabini. Sabine Gull. An adult specimen of this gull, in winter plumage, was collected near 
Kalispell, Flathead County, by Mr. Harry Wilson, a local taxidermist. After Mr. Wilson’s death in 
1946, his specimens were deposited in the Zoological Museum, but collection dates and exact localities 
had been lost, although all specimens were known to have come from the vicinity of Kalispell. The 
only previous record of this species is from Custer County, in the extreme eastern part of the state 
(Cameron, Auk, 22, 1905:76). 
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Hydroprogne caspia. Caspian Tern. Apparently the only previous Montana record is from Big 
Lake, Stillwater County, where Saunders reports an adult male taken and three others seen, May 1, 
1917, and several seen in the spring of 1918 (op. cit.:30). Hand saw four together at Kicking Horse 
Reservoir, Lake County, on May 15, 1956. They flew directly overhead and rather low, providing an 
excellent view of this large and conspicuous species. 

Strix occidentalis. Spotted Owl. Aside from one sight record (Weydemeyer, Condor, 29, 1927:159), 
this owl has not been recorded in the northern Rocky Mountain region of Montana. In the summer 
of 1953, Vernon Hawley saw two at Anaconda Creek, Glacier National Park. The birds were observed 
once in July and twice in August at distances as close as 75 feet. Hawley photographed the birds on 
August 21 and the prints, while not of top quality, appear adequate to verify the identification. 

Surnia ulula. Hawk-Owl. Although Saunders (0. cit.:71) suggests that this owl is not uncommon 
in winter in northwestern Montana, few specimens have been recorded. Mr. Harry Wilson collected one 
near Kalispell, Flathead County, and the specimen came to the Zoological Museum in 1946 after his 
death. 

Phalaeno ptilus nuttallii. Poorwill. The Poorwill, although a common summer resident east of the 
Continental Divide, has appeared in the past as a rare vagrant to the west. A juvenal female, collected 
by D.S. Farner at Yellow Bay, Flathead Lake, Lake County, on August 18, 1949, is the first specimen 
obtained on the west side. More recently, a single Poorwill was heard calling nightly (Wright and 
Hoffmann) from July 10 to 20, 1956, on the mountainside above the Montana State University campus. 
It was known not to have begun calling before June 11, nor was it heard after July 20. The next year a 
Poorwill began to call in the same area on May 9 and was soon joined by another bird located about 
Y% mile to the south. Both continued to vocalize until at least early July. In 1958 none was heard. 
Saunders (op. cit.:79) reports hearing a Poorwill near Polson, Lake County, on July 26, 1915, but 
this is the only other record. 

Aéronautes saxatalis. White-throated Swift. On May 19, 1956, a large group of these swifts was 
found at Bearmouth, Granite County, frequenting the vicinity of large cliffs along the north bank of 
the Clark’s Fork River. One male taken on June 1, 1956, and a male and female taken on May 11, 
1957, are the first specimens obtained west of the Continental Divide, although other observers have 
reported seeing the species. Whether the swifts are breeding on the cliffs at Bearmouth is uncertain. 
Their regular occurrence here during the spring and summer suggests this, but no nests have been 
observed, and none of the specimens showed internal evidence of breeding activity. 

Colaptes auratus x cafer. Flicker. While hybrids between the Yellow-shafted and Red-shafted 
flickers are common in the eastern part of the state, none has been recorded west of the Continental 
Divide. Hand saw three, on October 23, 1949, October 6, 1952, and February 20, 1956, all within a few 
miles of Missoula, and all exhibited predominantly Yellow-shafted characteristics. In the latest instance 
the bird was watched for some time as it fed on the ground within 15 feet. It was evidently a male 
having both the red nuchal crescent and the black malar stripe. When it finally flew, the wing linings 
appeared to be clear yellow. 

Asyndesmus lewis. Lewis Woodpecker. Supplementing a previously published record (Condor, 53, 
1955:45) Hand saw another individual wintering in the Orchard Homes section of Missoula between 
January 25 and late February, 1956. On March 17 of the same year another, perhaps the same indi- 
vidual, was seen within the city proper. 

Cyanocitta cristata. Blue Jay. A female, collected by Mr. E. L. Mitchell on January 28, 1958, 
near Polson, Lake County, represents a new specimen record for Montana. Mr. Mitchell reported that 
it was one of three Blue Jays frequenting his feeding station throughout the winter, in the company 
of Steller Jays, Canada Jays, and Clark Nutcrackers. In previous winters he had observed none. Other 
sight records for the species in Montana include Carter County, in the extreme east (Youngworth, 
Nebr. Bird Rev., 23, 1955:32) and one seen on the Montana State University campus on October 8, 
1950, by Wright. 

Ixoreus naevius. Varied Thrush. A single bird was seen by Hoffmann in Missoula on December 20, 
1956. Its actions suggested it suffered from a leg injury. There are no other winter records for this area. 

Vermivora ruficapilla, Nashville Warbler. Two specimens have previously been taken in the state, 
one at Yellow Bay, Lake County on August 6, 1912, which was subsequently lost, and one at Bozeman, 
Gallatin County, on September 22, 1941 (Saunders, op. cit::45; Hiatt, Condor, 44, 1942:38). Both of 
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these appear to have been migrants. Two more specimens are now available. One is a migrant, an 
immature female found dead in Missoula on September 15, 1958. The second is an adult male obtained 
by Wright near Lolo, Missoula County, on May 4, 1950; the bird was alone and not singing. Weyde- 
meyer (Auk, 51, 1934:89), on the basis of sight records, believed that this species was a very rare 
summer resident in Lincoln County, in the northwestern corner of the state. Hand’s observations sup- 
port this in that he has seen it regularly near Missoula every spring since 1950. The birds usually arrive 
in early May, the earliest record being April 26, 1953, and are not seen after the end of May. However, 
in 1954 a pair remained until at least June 20, and may have nested. 

Dendroica coronata. Myrtle Warbler. Saunders considered this species a migrant in eastern Mon- 
tana, not found west of the prairie region, and gives several records the westernmost of which is 
Great Falls (op. cit.:147). Hand saw one, a male in full spring plumage, at Missoula, May 1, 1954. 

Dendroica palmarum. Palm Warbler. There is only one previous record for Montana, a migrant at 
Great Falls, Cascade County, in September, 1889 (Chapman, The Warblers of North America, 1907: 
214). Wright saw a flock of about twenty on the shore of one of the Necklace Lakes in the Bob 
Marshall Wilderness Area, South Fork of the Flathead River drainage, Missoula County. The elevation 
here is about 7000 feet above sea level, and a snow storm was in progress during the observation on 
September 15, 1950. The birds were seen again the next day, but were gone on September 17. They 
were first observed wading in the shallow water of the lake and the tail bobbing habit was clearly seen. 
The white in the tail feathers was readily visible in flight. No suitable collecting weapon was available, 
but Wright was very familiar with this bird from several years of experience in Wisconsin and New 
Hampshire. 

Loxia leucoptera. White-winged Crossbill. Saunders records this species as a rare summer resident 
in the mountains of northwestern Montana, of very rare occurrence elsewhere. The only subsequent 
records are: in winter, Lincoln County (Weydemeyer, Condor, 30, 1928:247) and Missoula County 
(Mewaldt, Condor, 52, 1950:239; spring, Wright saw three with flock of Red Crossbills on Montana 
State University campus, May 2, 1951; summer, breeding “near Red Lodge, Carbon County” (A.0.U. 
Check-list, 5th ed., 1957:577). White-winged Crossbills were common in the sub-alpine forest around 
Thompson Lake in the Flint Creek Mountains, Deer Lodge County, from August 19 to 22, 1958. 
Six adult males were collected; no females or juveniles were observed. The birds were all either alone 
or in very loose flocks, and they frequently sang from the tops of trees or standing snags. On only one 
occasion were Red Crossbills seen here, when a small flock came by camp, from which an adult male 
and female were secured. White-winged Crossbills appeared to be equally common in the sub-alpine 
forest around Sailor Lake, Tobacco Root Mountains, Madison County, on August 28, 1958. Six were 
collected. Here, however, they were in flocks of up to 20 birds, and no singing was heard. Finally, a 
lone singing male was seen by Hoffmann at a camp on Beartooth Lake, Absaroka Mountains, Shoshone 
County, Wyoming, on September 2, 1958. No other crossbills were seen here although we occupied the 
area from August 30 to September 2. These summer records are from far south of the supposed normal 
range of the White-winged Crossbill. They may represent a temporary response to the very large white- 
barked pine cone crop observed in the Flint Creek and Tobacco Root mountains. On the other hand, 
the areas are so poorly known that the species may be one that has occurred often but has been 
overlooked. 

Ammodramus bairdii. Baird Sparrow. This species has heretofore been recorded only east of the 
Continental Divide. On April 20, 1957, Hand flushed a sparrow near a pothole south of Missoula. 
While rather shy, it appeared reluctant to leave the vicinity and a good view of it at rest was finally 
obtained with 8 x 40 binoculars in good light at a distance of less than thirty feet. The most striking 
characteristics were the bright ochre color of the median crown stripe and facial area, the clear-cut 
string markings of the upper parts, and the finely streaked breast with the markings cut sharply 
across and rather high up, somewhat like the streaks on the Pectoral and Least sandpipers. The bird 
was obviously in adult spring plumage, without any of the dubious characteristics of immature spar- 
rows that one sees in the fall. Savannah Sparrows, the only species with which this might be confused, 
had not yet arrived. 

Spizella breweri. Brewer Sparrow. Baldwin (Wilson Bull., 68, 1956:251) published the first 
report of this sparrow breeding west of the Continental Divide in Sanders County. Since then it has 
proved to be a common breeding bird in the extensive areas of sagebrush around Brown’s Lake, 








Mar., 1959 BIRDS OF WESTERN MONTANA 151 


Powell County. Brewer and Vesper sparrows appear to be equally abundant in this habitat. Two 
singing males with enlarged testes and a female were collected on May 13, 1956. The species was also 
seen on the sagebrush-covered east bench of the Bitterroot Valley east of Stevensville, Ravalli County, 
on May 24, 1957. 

Zonotrichia querula. Harris Sparrow. Previous sight records from Missoula have been published 
(Condor, 55, 1953:46), and subsequently Hand saw another one 2% miles west of Missoula on Novem- 
ber 1, 1956. Tom Rogers of Libby, Lincoln County, also wrote Hand of one that occurred there in 
the spring of 1957. He stated that it appeared February 16, was trapped and banded the next day, and 
remained in the neighborhood until April 29, by which time it had acquired adult plumage. It sang 
a good deal during the latter part of its stay. 

Zonotrichia leucophrys. White-crowned Sparrow. Farner (Condor, 60, 1958:196) recently pub- 
lished a record of the race gambeli breeding at Hart’s Pass, Cascade Mountains, Okanogan County, 
Washington, reported to be the southernmost breeding station for the race. In this connection it is 
interesting to note that Saunders (op. cit.:120) “found both leucophrys (now oriantha) and gambeli 
in Glacier National Park, where frequent observations showed that the two forms were about equally 
common” in the summers of 1914 and 1915. He also secured specimens of gambeli in June, 1912, on 
Birch Creek, Pondera (formerly Teton) County (Condor, 16, 1914:138). Burleigh (Auk, 38, 1921: 
559) found a pair he identified as gambeli breeding along the Kootenai River at Warland, Lincoln 
County in 1920. More recently, Weydemeyer (Bird-Lore, 33, 1931:171) observed singing White- 
crowned Sparrows at Logan Pass, Glacier National Park, on June 29, 1930, and remarks: “I took 
special care, several times during the day, to observe closely as many as possible. Every individual 
identified was a white-lored gambelz.” Rand (Nat. Mus. Canad. Bull. no. 111, 1948:95) adds that “in 
south British Columbia and southwest Alberta both types [that is, the black-lored oriastha and the 
white-lored gambeli| occur, apparently with few intergrades,” but no years are indicated. 

At present, white-lored gambeli individuals appear to be very scarce in the Glacier Park area. 
Casual observation by Hoffmann in 1955-56, and a close check, coupled with some collecting, in 
1957-58 has failed to reveal any breeding White-crowned Sparrows of this race. In particular, all 
breeding sparrows at Logan Pass now appear to be black-lored. These observations suggest that the 
composition of White-crowned Sparrow populations breeding in Glacier National Park may have 
changed rather rapidly. 

Calcarius lapponicus. Lapland Longspur. While Montana is included in the range of this species, 
there appear to be very few records from west of the Continental Divide. Judging from observations 
in the past two years, Hand believes it to be far more common than the published records would 
indicate. This may be because the species has been overlooked, or perhaps more likely, it is one of 
those that are gradually spreading westward. In the fall of 1956, his first positive identification was on 
October 7, but he is quite certain that the characteristic flight note was heard as early as September 13. 
The species was not seen in large numbers, but remained in small, scattered groups in company with 
Water Pipits and Horned Larks until October 28. The following spring Hand again heard them between 
March 7 and 12, and got at least one satisfactory sight of one on the ground. In the fall of 1957 the 
species appeared simultaneously with the migrating Water Pipits and again departed on October 28, 
which was just three days ahead of the last pipit. On October 23, following an early snowstorm, a 
flock of between 30 and 40 individuals was seen, but otherwise they were noted only as scattered singles 
and small groups not exceeding six or eight birds, sometimes by themselves but more often with Horned 
Larks or Water Pipits or both. All observations were at the old County Airport (Hale Field) and the 
adjacent area including the Missoula County Fairgrounds. Birds collected on October 6, 1957, and 
September 28, 1958, confirm the sight identification. 


Department of Zoology, Montana State University, Missoula, and 415 W. Central 
Ave., Missoula, Montana, November 1, 1958. 
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FROM FIELD AND STUDY 


The Arrangement of Songbird Families.—In the summer of 1957, it was my task to pre- 
pare a classification of fossil and Recent birds for a forthcoming text on the biology of birds. After 
considerable study, I decided to base the arrangement of songbird families on the well-documented 
classification of Wetmore (Smiths. Misc. Coll., 117[4], 1951:1-22). In this classification, the corvine 
assemblage is placed first, the Old World insect eaters next, and the New World “nine-primaried” birds 
last. The same year two other classifications following the same general sequence of passerine families 
appeared independently: that of Amadon (Proc. Zool. Soc., Calcutta, Mookerjee Mem. Vol., 1957:259- 
268), reversing his earlier opinion (Mayr and Amadon, Amer. Mus. Novit. 1496, 1951:1-42), and 
that of Delacour and Vaurie (Los Angeles Co. Mus. Contrib. Sci. 16, 1957:1-6). 

While it must be admitted that our knowledge of the morphology and behavior of passerine birds 
needs far more study, there are several important reasons which can be advanced for using this arrange- 
ment of families. The basic principle behind most systems of classification is that the older, more 
slowly-evolving groups are placed first and the newer, more rapidly-evolving groups last. (Some of 
the older classifications start with the “highest” groups and end with the “lowest” ones. Such reversals 
of order have no bearing on our thesis concerning the sequence of families, and for purposes of sim- 
plicity, we will consider all classifications as ending with the “higher” groups.) If this principle of 
placing rapidly-evolving groups at the top of the classification is to be used, the degree of specialization, 
more often than not, will run counter to the arrangement because, generally speaking, the more spe- 
cialized an organism is, the less potential it has for further evolutionary radiation. For example, it is 
difficult to find more highly specialized birds than the penguins, yet these birds are almost universally 
placed near the beginning of classifications and show no evidence of having recently undergone evolu- 
tion comparable to that, for instance, in the passerines. Arguments for placing the corvine assemblage 
last are based primarily on the supposedly superior mental capacity of the corvids and the extreme 
specializations of plumage and behavior of the birds-of-paradise and the bower birds. With regard to 
the first supposition, it may be noted that the undisputed mental superiority of the primates, and 
particularly of our own species, has not been considered sufficient reason for placing the primates at 
the top of the widely accepted recent classification of mammals by Simpson (Bull. Amer. Mus. Nat. 
Hist., 85, 1945:xvi + 350 pp.). 

Both the Old World insect eaters and the New World nine-primaried birds have undergone 
remarkable adaptive radiations into many genera and species. This is particularly true of the babblers 
(Timaliidae) in Asia and the finch-tanager-woodwarbler group in the New World. On this basis, both 
groups would qualify for a position at the end of the passerines. In spite of the remarkable array of 
bill forms, and presumably attendant radiation in feeding habits which have evolved in the timaliids, 
the nine-primaried assemblage is believed by most ornithologists to be the more “progressive” and 
rapidly evolving, and for this reason it is usually placed after the Old World insect eaters in 
classifications. 

For many years, European ornithologists favored classifications of the songbirds in which the 
corvine assemblage was considered the “highest” group and the Old World insect eaters the “lowest.” 
On the other hand American ornithologists almost universally follow arrangements starting with the 
corvine assemblage and ending with the finches. This lack of agreement has made it necessary for 
ornithologists to learn two different sequences. The resultant inconvenience is an annoyance to many 
workers (see, for example, Mayr, Condor, 60, 1958:194-195), but the very fact that there is a differ- 
ence of opinion is in itself of considerable value as a stimulus to further work. It is not unlikely that 
we shall eventually achieve a much clearer idea of the phylogeny of the passerines than we have at 
present, and until we do, we cannot expect universal agreement on the sequence of families. 

At the XI International Ornithological Congress at Basel in 1954, a committee was set up to 
propose a sequence of passerine families which would be acceptable to the majority of workers. I 
firmly believe that it is wrong to attempt to legislate, however tentatively, matters which, like this 
one, may be determined by biological evidence. Even granting the desirability of action in this matter, 
the Basel committee was hardly representative of world opinion. It was a foregone conclusion that 
six European ornithologists trained in the “crows highest” arrangement would vote to place the Old 
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World insect eaters first and the corvine assemblage last, just as six ornithologists raised in the New 
World would have unanimously favored placing the corvine assemblage first and the New World nine- 
primaried birds last. 

Since the congress at Basel, there has been a decided swing away from the arrangement proposed 
by the committee. In addition to the three classifications mentioned earlier (Amadon, 1957; Delacour 
and Vaurie, 1957; and Storer, MS), the recent list of Finnish birds by Merikallio (Fauna Fennica 5, 
1958:1-181), the recent check-list of Swedish birds by Lundevall (Férteckning Over Sveriges Faglar, 
4th ed., Almqvist and Wiksell Gebers Férlag A.B., Stockholm, 1958), and -Vaurie’s forthcoming check- 
list of Palearctic birds may be cited as examples of new works using the “finches last” arrangement. 
However, it was probably the earlier decision of the British Ornithologists’ Union to follow this 
arrangement and the subsequent appearance of Peterson, Mountfort, and Hollom’s, A Field Guide to 
the Birds of Britain and Europe, 1954, which were most influential in establishing this trend. Whether 
or not we are willing to admit it, most of us are prejudiced in favor of the first classification we learn. 
In most cases this is the system followed in our field guides. Thus, when one field guide like that of 
Peterson, Mountfort, and Hollom is used so widely, its importance in teaching younger ornithologists 
a system of classification which they will probably favor all their lives should not be underestimated. 

It thus appears that in spite of the proposal by the Basel committee, the order almost universally 
followed in the New World is fast gaining support in the Old World. The major opposition appears to 
stem from the editors of Peters’ Check-List of Birds of the World, Mayr and Greenway (Breviora, 58, 
1956:1-11). It is, of course, their right to decide on the arrangement to be followed in this work, but 
in following the arrangement which places the corvine assemblage last, they are not following the 
system used by Peters himself as a member of the American Ornithologists’ Union Committee on 
Classification and Nomenclature, by the majority of contributors to Peters’ Check-List as indicated by 
their published classifications or major regional works, or by the majority of English-speaking orni- 
thologists. If their aim is, as Mayr apparently feels it should be (Condor, 60, 1958:194-195), to effect a 
sequence which will be followed by most ornithologists, they would have a far better chance of 
achieving it if they used that followed by the A.O.U. and the B.O.U.—Robsert W. Storer, Museum of 
Zoology, University of Michigan, Ann Arbor, Michigan, November 1, 1958. 


Notes on the Taxonomy and Zoogeography of the Genus Elanus.—I had finished a short 
manuscript on the genus Elanus when I read Parke’s recent paper on the same subject (Condor, 60, 
1958:139-140). My paper was based on a short talk I gave in the Bird Biology Conference held at 
Oxford in the first week of January, 1958. I now think that there is no need of publishing that portion 
of my paper which deals with the species relationships in the genus Elanus. My views almost entirely 
agree with those of Parkes, but there are some points which are not discussed by him. 

The under wing coverts which were described by previous authors (Mathews, Birds of Australia, 
5, 1915-1916:206; and others) as pure white in E. caeruleus are not always so. In other forms there is 
more or less black forming a patch, and it is largest in E. scriptus. Some of the under wing coverts in 
E. caeruleus have black tips, especially in the Indian race E. c. vociferus. Perhaps at one time this form 
possessed a black patch on the under wing coverts which later became reduced. It should be noted 
that Gurney (Ibis, 3[11], 1879:330-341) was the first author to suggest that Jeucurus of America 
should be considered a subspecies of motatus of Australia. He, however, said nothing about caerweus, 
probably because of the supposed absence of the black patch on the under wing coverts. In my paper I 
also pointed out that scriptus appears to be the earlier arrival in Australia, as suggested by Mathews 
(op. cit.), and not notatus, as Condon and Amadon (Rec. South Austr. Mus., 11[2], 1954:159-246) 
think. 

The history of the genus Elanus may be outlined as follows: The genus most probably evolved 
somewhere in the Oriental or Ethiopian region from where it extended to Australia and America. In 
Australia, it gave rise to E. scriptus, which retained the large black patch on the under wing coverts, 
while the original Afro-Asian population was gradually losing it. After a long interval, the Afro- 
Asian population extended to America (E. c. leucurus) and again to Australia (E. c. notatus). These 
two groups, /eucurus and notatus, retained the reduced black patch, but in the Afro-Asian population 
it became further reduced, so that it is now represented only by the black tips of some of the under 
wing coverts. In Australia, E. scriptus was sufficiently different to be reproductively isolated by the 
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time of the second invasion (now E. c. notatus) as is revealed by the co-existence today of the two 
forms without any intergradation and interbreeding. 

I wish to thank Dr. A. J. Cain, Dr. D. Lack, and Mr. J. D. Macdonald for advice and encourage- 
ment in the course of this work.—K. Z. Husain, Department of Zoology and Comparative Anatomy, 
University Museum, Oxford, England, August 25, 1958. 


Breeding Record of the Double-crested Cormorant in South-central Alaska.—On July 7, 
1958, at Lake Louise in the Susitna River drainage system of south-central Alaska, a small colony of 





Fig. 1. Double-crested Cormorant colony at Lake Louise, 1958. Note the Herring Gulls around 
the colony. 


breeding Double-crested Cormorants (Phalacrocorax auritus) was found, and a visit was made to the 
nesting area. The colony is located about 25 feet above the water level on the highest point of a small 
knoll-shaped island. The island is approximately 200 yards long and 50 yards across at the widest 
point. The area about the colony (fig. 1) is barren and gravel-strewn, but otherwise the island is 
sparsely covered with low shrubby vegetation. This vegetation is considerably more dense on the 
north, or leeward, side. An old spruce, devoid of vegetation, stands in the colony. 

The 25 nests which comprise the colony were examined, and the results are as follows: empty, 15; 
with one egg, 1; with two eggs, 1; with one young, 1; with two young, 1; with three eggs and one 
young, 1. The remaining five nests were in a state of disrepair and empty. 

The number of empty nests in a state of recent repair seems to indicate heavy predation by mem- 
bers of the large colony of Herring Gulls (Larus argentatus) that share this island. The interest of 
the Herring Gulls in the cormorant nests was demonstrated when the 40 to 50 adult cormorants were 
frightened from the area during our visit. On our departure many gulls returned immediately and 
perched on the nests or walked among them. The cormorants returned slowly, and even then a few 
gulls remained nearby. 

The lack of synchrony in the breeding effort as evidenced by the presence of eggs, newly-hatched 
young, and, in one nest, advanced young (fig. 2) appears to be the normal situation in colonies of this 
species (Bent, U.S. Nat. Mus. Bull. 121, 1922:245). The general appearance of the colony, including 
the barren surroundings and great height and bulk of the nests, indicates that these birds have been 
present in the area for some years. Reproduction must be, to some extent, successful. 

The known breeding range of the Double-crested Cormorant in Alaska includes the eastern 
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Aleutians, the Alaska Peninsula (Lake Iliamna), Kodiak Island, and the Kenai Peninsula (A.0.U., 
Check-list of North American Birds, 5th ed., 1957:35-36). The Lake Louise colony extends this 
range approximately 250 to 300 miles in a northeasterly direction from the Kachemak Bay area of the 
Kenai Peninsula, where the species is common. The relatively large size of Lake Louise, 52 square 
kilometers of surface, and the interconnected lakes Susitna and Tyone, together with their abundant 
fish fauna, apparently make this interior Alaska situation suitable for this small colony of cormorants. 
—Francis S. L. Wittiamson and Leonarp J. Peyton, Arctic Health Research Center, Anchorage, 
Alaska, September 23, 1958. 





Fig. 2. Advanced downy cormorant young in the Lake Louise colony, 1958. 


Ground Doves Nesting in San Diego County.—On May 4, 1957, Marilyn Bishop, of San 
Diego, reported the presence of four Ground Doves (Columbigallina passerina) at the Tia Juana River 
Valley in the extreme southwestern part of San Diego County. The doves were subsequently observed 
through the summer and most of the winter months. At times during this period as many as six doves 
were observed simultaneously. 

On about June 10, 1958, Arthur G. Morley, Jr., brought to the museum a nest containing one 
egg. Laurence M. Huey, Curator of Birds and Mammals, identified the nest and egg as that of a 
Ground Dove. Mr. Morley related that this nest was first discovered along the Tia Juana River Valley 
on May 25, 1958. At that time the nest contained two eggs placed about three feet from the ground on 
the horizontal branch of a fallen tree. On June 5 this nest contained one young and an apparently 
addled egg. A second nest was found on June 5, 1958, again by Mr. Morley. This nest contained two 
eggs and was located near the previous nest about nine feet high in a small tree. An adult Ground Dove 
was seen to approach and settle on this nest. On June 12 I visited the area and observed seven Ground 
Doves in the vicinity. In the second nest I observed two recently hatched young. 

Grinnell and Miller (Pac. Coast Avif. No. 27, 1944:186) list the Ground Dove as a vagrant to San 
Diego County.—J ames R. Sams, San Diego Natural History Museum, San Diego, California, August 7, 
1958. 


Land Birds from Clipperton Island.—The easternmost coral atoll in the Pacific Ocean is 
Clipperton Island, located at 10° 17’ N lat. and 109° 13’ W long. and approximately 600 miles south- 
west of the coast of Guerrero, México. Because of its remoteness and the difficulties of landing, the 
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island has seldom been visited by biologists, and all published accounts of the avifauna record definitely 
only a few species of pelagic or aquatic birds. In recent years the Scripps Institution of Oceanography, 
University of California, La Jolla, California, has undertaken a biogeographical survey of Clipperton 
Island, and detailed reports on its biota will be published in the future. The present brief note records 
an instance of some interest to ornithologists. 

From October 21 to 26, 1956, Wayne Baldwin, Museum Zoologist of the University of California, 
Los Angeles, visited Clipperton Island with a party from the Scripps Institution to make ichthyological 
collections. During his stay Mr. Baldwin obtained three specimens of land birds which he brought 
back preserved in formalin. He reported that small land birds were seen frequently on the island, 
which has now acquired considerable vegetation in the form of vines and various annuals as well as 
coconut palms. The birds were subsequently prepared as study skins and are in the Dickey Collec- 
tion, University of California, Los Angeles. 

The three birds are an unsexed Tennessee Warbler (Vermivora peregrina), a male Bay-breasted 
Warbler (Dendroica castanea), and a female Summer Tanager (Piranga rubra). Subspecific identifi- 
cation of the latter is somewhat uncertain as formalin preservation may have affected plumage color, 
but the bird appears to represent the breeding population of the eastern United States (P. r. rubra). 
The two warblers are also species that breed principally in eastern North America. All three birds had 
double-layered skulls, and the Bay-breasted Warbler is certainly an adult as it has considerable deep 
chestnut coloring on the flanks. All three species are migrants and winter residents in Central and 
South America, but the presence of these “eastern” species (and other land birds) so far out in the 
Pacific is noteworthy. Although only sea birds are known to nest on Clipperton Island, it is possible that 
some species of land birds may become established as residents if suitable vegetation persists THOMAS 
R. HowELt, Department of Zoology, University of California, Los Angeles, California, August 26, 1958. 


Flamingo in a Southern California Slough.—At 10:00 a.m. and 6:00 p.m. on July 22 and on 
August 18, 1958, an American Flamingo (Phoenicopterus ruber) was seen in the shallows of the brack- 
ish water slough near the Sunset Beach Gun Club, one mile south of Los Patos (just south of Sunset 
Beach), Orange County, California. The solitary individual undoubtedly found its way to this location 
from either the Hollywood racetrack ponds, 25 miles away, or from one of several other possible 
domestically maintained flocks. This conspicuous bird will undoubtedly be viewed by other observers. 
This record is offered as a basis for future reference and to establish information about the ability of a 
flamingo to subsist on native fauna under natural conditions in California. 

Although the bird was less than 100 yards from a heavily traveled highway (U.S. Highway 101 or 
Cabrillo Highway) its behavior indicated complete composure during all sightings. During the 
morning it was resting in the pose customary for this species—head nestled over the back and standing 
on one leg. In the afternoon the bird was actively feeding in the shallow water (0-3 inches). Asso- 
ciated with the flamingo in the afternoon feeding foray were several California and Ring-billed gulls, 
while a flock of Snowy Plovers rested on the adjacent sand flat—ANnpREAS B. RECHNITZER, United 
States Navy Electronics Laboratory, San Diego, California, July 23, 1958. 


Subspecific Status of Atlapetes brunnei-nucha in South America.—In the series of some 400 
skins assembled for my revisionary study of the Chestnut-capped Brush-finch, Atlapetes brunnei-nucha 
(Condor, 56, 1954:129-138) there were only five specimens from Pert. The characters of the Peruvian 
population of this species are of major importance, since Pert is the type locality of Arremon frontalis 
Tschudi, the name I revived for the population of Atlapetes brunnei-nucha of South America and 
eastern Panama. I commented (0p. cit.:136) on certain apparent color trends within South America, 
particularly noting certain peculiarities of the small Peruvian series. 

Traylor (Fieldiana: Zoology, 35, 1958:137) has recently discussed the characters by which I dis- 
tinguished A. b. frontalis from A. b. brunnei-nucha (Lafresnaye) of eastern México. On the basis of 
a comparison of “a long series from Vera Cruz of brunnei-nucha” and Peruvian material consisting of 
“a good series of fresh material from Marcapata, Cuzco, and ... two males from Huanuco” (in all, 10 
Peruvian specimens), Traylor claimed that the only character which could be used to distinguish the 
two forms was the color of the border of the crown (deeper yellow in frontalis). He stated that there 
are no differences in bill length; I wrote “bill averaging longer” in frontalis, and my table of measure- 
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ments, based on 35 specimens of brunnei-nucha and 132 of frontalis, clearly shows that the bill of the 
latter race averages longer. 

Traylor reported that he could see no correlation between geography and the variation in relative 
amount of white on the underparts. I found this surprising, since this had seemed to me to be the most 
striking difference between brunnei-nucha and frontalis. Recalling that I had noted that the Peruvian 
examples of frontalis that I had seen averaged grayer below than those from elsewhere in South 
America, the possibility occurred to me that study of additional Peruvian specimens might indicate 
that the name frontalis would have to be restricted to the Peruvian population and xanthogenys 
Cabanis (type locality Caracas, Venezuela) revived for the birds of Venezuela, Colombia, eastern 
Panama, and Ecuador. Mr. Traylor was good enough to send for my examination the Chicago Natural 
History Museum’s entire South American series (18 specimens) of this species. 

Examination of the Peruvian series described by Traylor showed that in evaluating the individual 
variation in amount of white on the underparts he was misled by the fact that no less than 5 of his 
10 Peruvian specimens are young birds which still bear on the underparts many of the grayish-olive 
feathers of the juvenal plumage. Adults from Pert bear out my original statement (Parkes, op. cit.: 
136): “Even the grayest of the Peruvian specimens has a greater extent of white ventrally than any 
Mexican specimen of A. b. brunnei-nucha.” Extreme examples of the latter race (such as Amer. Mus. 
Nat. Hist. no. 41042, Jalapa, Veracruz) may have the ventral white restricted to a small, poorly-defined 
dirty white spot on the lower abdomen. 

If the only South American populations of Atlapetes brunnei-nucha were those of coastal Vene- 
zuela and Pert, there would be no hesitation in recognizing the former as a separate subspecies under 
the name xanthogenys Cabanis. Venezuelan examples are whiter below than Peruvian and have bills 
which are longer and more slender. The Peruvian spcimens are dorsally of a deeper, more golden 
green, and tend to have a slight brownish wash on the outer margins of the remiges. In the large series 
examined from Colombia and Ecuador, however, are examples which completely bridge all of these 
differences, and no plausible geographic separation can be defined. Examination of the new material 
from the Chicago Natural History Museum supports my original conclusion that all of the South 
American populations of Atlapetes brunnei-nucha (except inornatus and allinornatus, isolated races 
which lack the pectoral band) are best considered as belonging to a single somewhat variable sub- 


species to which the name frontalis Tschudi may be applied —KENNETH C. Parkes, Carnegie Museum, 
Pittsburgh, Pennsylvania, August 11, 1958. 


Starlings Nesting in Central California.—On May 13, 1958, adult European Starlings (Sturnus 
vulgaris) were observed feeding young at an abandoned woodpecker hole in a blue oak (Quercus 
douglasii) in the Palo Prieta Canyon, seven miles east of Shandon, San Luis Obispo County, Cali- 
fornia. On May 26 this nest site was revisited at which time six young starlings were collected from 
the nest; two of these were prepared as scientific study skins. 

The lower five inches of the nest cavity was filled with oak bark fibers. This nesting material was 
moist, warm, and contained many maggots of a species of fly. The young when taken were well 
developed, being able to hop about but not to fly. Grasshoppers were fed to the young exclusively 
while they were under observation—Esen McMutan, Cholame, California, July 21, 1958. 


Red-tailed Hawk Killing a Lamb.—Observations of hawks killing domestic lambs are so 
unusual it seems worthwhile to report a recent case involving a Red-tailed Hawk (Buteo jamaicensis). 
The incident occurred in Humboldt County, California, on the Joseph Russ sheep ranch, located about 
five miles south of Capetown and approximately three miles from the coast. 

On January 30, 1958, Predatory Animal Hunter, Darrel Cussins, left the Russ Ranch at 7:00 a.m. 
with two hounds to hunt bobcats. About three miles southeast of the ranch house in the high country 
on open grassland, he saw a Red-tailed Hawk eating on a dead lamb. As Darrel approached, the hawk 
picked up the remains of the small lamb and flew off down the hill with it. Darrel proceeded on up 
the mountain with his dogs. On his return approximately one hour later, he stopped to look over the 
sheep to see if there were any more dead lambs. About 200 yards below him he saw a Red-tailed Hawk 
dive several times at a newborn lamb. The ewe would butt at the hawk as the hawk would try to hit 
the lamb. He then saw the hawk hit the lamb knocking it to the ground. It did not get up. While all 
of this was taking place Darrel was trying to get a shot at the hawk with his 25-20 rifle, but he was 
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afraid of hitting the lamb or the ewe. He finally took a shot at the hawk while it was in the air. The 
hawk then left the area and did not return. When Darrel reached the lamb it was dead. It had talon 
marks on the head, neck, and back and was still bleeding from the wounds. It was a lamb not over 
twelve hours old, and it appeared to be a healthy lamb. Joseph Russ, Jr., heard the rifle shot and met 
Darrel at the lamb kill. He also examined the kill and said it was the first time he had seen a lamb 
that had been killed by a hawk. 

On Darrel’s return to the ranch house he saw another Red-tailed Hawk or possibly the same one 
diving at another lamb. At the shot of Darrel’s rifle the hawk altered its course. Darrel remained there 
for about one and one-half hours, but the hawk did not return. 

Six years ago Darrel Cussins and Mr. Olson were riding horseback on the Olson Sheep Ranch in 
Sonoma County, C2lifornia. They saw a Red-tailed Hawk diving at a newborn lamb. The hawk hit 
the lamb after several attempts, and the lamb was dead when they reached it. 

Several of the ranchers on this north coast district have told Darrel Cussins that they have felt 
sure hawks have killed their lambs, but only a few of them have actually seen the hawks killing lambs. 
It is not unusual to find a hawk or an eagle feeding on a dead lamb, but there are surprisingly few 
ranchers who have observed eagles or hawks in the act of killing lambs—Merte D. Barney, Bureau 
of Sport Fisheries and Wildlife, Lakeport, California, June 30, 1958. 


Blackburnian and Connecticut Warblers in Montana.—Among the birds collected by the 
writer on a brief field trip to Montana in 1953, two warblers are of particular interest. 

Dendroica fusca. Blackburnian Warbler. A female of this species was collected on June 4, 1953, in 
a deserted farmyard two miles north of Raymond, Sheridan County, Montana. The skin is number 
11,446 in my collection. Bent (U. S. Nat. Mus. Bull. 203, 1953) mentions a sight record, August 21, 
1924, near Libby, Montana, and the A.O.U. Check-list (5th ed.) lists the species as “accidental in 
Western Montana (Libby),” based, probably, on the sight record in Bent (1953). 

Oporornis agilis. Connecticut Warbler. On June 5, 1953, a Connecticut Warbler was taken two 
miles north of Raymond, Montana. This specimen, a female, is number 11,449 in my collection. So far 
as I know this species has not previously been recorded from Montana.—ALex. WALKER, Tillamook 
County Pioneer Museum, Tillamook, Oregon, October 23, 1958. 


Some Records of Oceanic Birds in Uruguay.—The oceanic coast of Uruguay is visited during 
winter by some birds of other South American countries and neighboring oceanic waters. In August, 
1953, I saw on the beaches near the mouth of the Arroyo Carrasco, Departamento de Canelones, a 
great number of dead specimens of Slender-billed Whale-birds (Pachy ptila belcheri). Nearby I obtained 
a first sight record of four Cayenne Terns (Thalasseus eurygnathus). Two were flying over the left 
bank of Arroyo Carrasco, and the others were bathing in a large pool near the seashore. Their large 
size, black crested crown, white underparts, grey mantle, and lemon yellow bill were easily identifiable. 

Magellanic Penguins (Spheniscus magellanicus) are winter visitors, and on July 15, 1954, I saw 35 
of these birds swimming and diving in waters of Piedras del Chileno, within Maldonado Bay. Flying 
overhead was a flock of nearly 50 Sooty Shearwaters (Puffinus griseus). 

On August 10, 1954, a Rockhopper Penguin (Eudyptes crestatus) was obtained in Montevideo 
Bay near the mouth of Arroyo Pantanoso. The skin is deposited in the author’s collection. 

On July 16, 1955, I saw, with binoculars, two Giant Fulmars (Macronectes giganteus) sitting on 
the water, 200 meters west of the rocky coast of Punta del Este. Their uniform rusty brown plumage 
indicated that they were immature individuals. 

Principally, however, this article is devoted to an austral bird, the Sheath-bill or Paloma Antarctica 
(Chionis alba). On July 9, 1954, Rogelio B. Lopez photographed three specimens of the Sheath-bill 
at Mar del Plata, 38°S latitude (Hornero, 10[2], 1956:168). This was the northernmost record known 
in Argentina. Hellmayr and Conover (Cat. Birds Amer., pt. 1, no. 2, 1948:240-241) give the north- 
ern boundary of the range for this species as Bahia de Camarones (Chubut) in Argentina (44°S lati- 
tude). Raul Vaz Ferreira in 1952 reports sight records of this species during winter, from Torres and 
Lobos islands. He also reports a photographic record and one specimen collected on July 7, 1952, by E. 
Palerm, on this island (Observaciones sobre la Isla de Torres y Castillo Grande, Rev. Fac. Humanidades, 
Montevideo, VI[9], 1952:237—258). Some hearsay records about white and pigeon-like birds seen in 
Torres Islands were reported by B. Sierra y Sierra in 1895 and D. Granada in 1896 (R. Vaz Ferreira, 
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Fig. 1. View of left side of the head of Chionis alba collected in Punta del Este (Departamento 
de Maldonado), Uruguay, on May 18, 1958. 


op. cit.:250-251). These islands are the headquarters and rookeries of many thousands of southern sea- 
lions (Otaria flavescens) and southern fur-seals (Arctocephalus australis). Lobos Island, the largest, 
is in front of Punta del Este, eight kilometers off the coast. 

Since 1952 I have maintained a periodical survey of the coast of this peninsula and nearby beaches, 
during winter, in order to obtain sight records or specimens of sea-fowl. At 5:00 p.m. on May 18, 1958, 
a small group of birds was seen, south of the small port of Punta del Este, on sand and among rocks. 
Most of them were immature Kelp Gulls (Larus marinus dominicanus), with some adults of the same 
species, and Patagonian Brown-headed Gulls (Larus ridibundus maculipennis). Also, on the moist 
sand were a few Collared Plovers (Charadrius collaris). Among them, about 100 meters from me, two 
active birds caught my attenticn. With binoculars, I saw their short, stout beaks, white plumage, and 
pigeon-like behavior. I identified them as Sheath-bills and collected one of them. This is the first 
specimen from Uruguay collected on the continental coast (fig. 1). The specimen taken was a female. 
Its crop was full of mussels. The skin is deposited in my collection. Its measurements in mm. are culmen, 
31.4; wing, 230; tail, 120; tarsus, 48.3; middle toe with claw, 44; middle toe without claw, 34.8. 

According to the facts mentioned, we can say that the Atlantic islands and continental coast of 
Uruguay must be within the distributional range of Chionis alba. It seems that this species occurs as an 
irregular winter visitor in small numbers, and that it reaches 35°S latitude at Punta del Este and 
Lebos Island and also 34°S latitude at the Torres and Coronilla islands and nearby coast. Perhaps 
some individuals, according to hearsay reports of laymen, remain through the summer as they can find 
a good supply of food in the rookeries of seals and gulls—Ropotro EscaLanTE, Montevideo, Uruguay, 
June 30, 1958. 
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NOTES AND NEWS 


The 29th Annual Meeting of the Cooper Orni- 
thological Society will be held in Berkeley, Cali- 
fornia, on April 3 to 5, 1959, with the Northern 
Division as sponsor and the Museum of Vertebrate 
Zoology and the University of California as hosts. 
Registration will begin at 9 a.m. in room 2503, 
Life Sciences Building, Berkeley campus. 


Dr. Olin Sewall Pettingill, Jr., well-known orni- 
thologist and Audubon lecturer, will return to the 
University of Michigan Biological Station for the 
1959 summer session after last summer’s absence 
to study birds in Iceland. Dr. Pettingill will teach 
introductory and advanced courses in ornithology 
at the Station, which is located near Mackinaw 
in Michigan. 


The Division of Biological and Medical Sciences 
of the National Science Foundation announces 
that the next closing date for receipt of basic re- 
search proposals in the life sciences is May 15, 
1959. Disposition of proposals received by that 
date will be made approximately four months 
later. The next closing date is September 15, 1959. 


The Zoology Department of the University of 
Massachusetts, Amherst, announces that the li- 
brary of the late Arthur Cleveland Bent has been 
presented to the university by Mrs. Bent. The 
library will be housed as a memorial unit in the 
new Science Center now under construction and 
should be available for use by interested ornithol- 
ogists some time in the spring of 1960. 


COOPER SOCIETY MEETINGS 
NORTHERN DIVISION 

DECEMBER.—The monthly meeting of the 
Northern Division was held on December 4, 1958, 
at the University of California, Berkeley. Dr. 
A. Starker Leopold announced that the following 
committee was appointed by President Davis to 
nominate a slate of officers for 1959 for the North- 
ern Division: Enid K. Austin, Oliver P. Pearson, 
and Frank A. Pitelka. 

Principal speaker of the evening was Dr. Frank 
A. Pitelka whose talk entitled “Breeding Ecology 
of Pectoral Sandpipers in Northern Alaska” elic- 
ited much discussion—Rosert I. Bowman, Sec- 
retary. 


January.—The monthly meeting of the North- 
ern Division was held on January 8, 1959, at the 
University of California, Berkeley. The following 
person was proposed for membership by Frank A. 
Pitelka: Edwin C. Willis, Department of Zoology, 
University of California, Berkeley. 

The Secretary read the report of the nomina- 
tions committee. The following slate of officers for 
the Northern Division of the Society was sub- 
mitted: president, A. Starker Leopold; first vice- 
president, Howard L. Cogswell; second vice- 
president, L. Richard Mewaldt; secretary, Robert 
I. Bowman. There were no further nominations 
from the floor. It was moved, seconded and ap- 
proved that the slate of officers proposed by the 
nominations committee be accepted. 

The following field observations were reported: 
Henry Weston, Jr., saw 300 Starlings at Milpitas 
on December 20, 1958, one dead Starling at Los 
Gatos on December 7, 1958, and recently 25 to 30 
Starlings at Alviso. A. Starker Leopold reported 
Starlings fairly abundant in the Marysville region 
in the last few years. Recently John Ralph ob- 
served four Starlings at Point Isabela, Oakland. 
Howard Cogswell reported six Starlings at Lake 
Merced, San Francisco, on December 21, 1958; 
near Willows on December 14, 1958, he observed 
approximately fifty thousand Starlings in flocks 
of blackbirds roosting in the marshes. Gordon 
Orians reported several Starlings at Jewel Lake, 
Tilden Park, last autumn. One of the members 
reported two new breeding records of Starlings in 
California, one in San Luis Obispo County, the 
other in the Stockton area. 

Principal speaker of the evening was Dr. Robert 
I. Bowman whose talk entitled “Among the Birds 
of the Farallon Islands” was illustrated with color 
slides and motion pictures—RosBert I. Bowman, 
Secretary. 


FeBRUARY.—The monthly meeting of the 
Northern Division was held on February 5, 1959, 
at the University of California, Berkeley. 

Principal speaker of the evening was Dr. Peter 
Marler whose topic “Variation in Some Mexican 
Bird Songs: Its Extent and Significance” aroused 
a lively discussion from the audience.—Rosert I. 
Bowman, Secretary. 
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For Sate—A.0.U. Check-list of North American Birds, 4th ed. (1931), in first class condition, 
$6.00 postpaid—Joun L. Bracxrorp, Box 445, Libby, Montana. 


For Sate—Allen, Redwing Blackbird, $4; Martin and Uhler, Food Gamé Ducks, $4; Jones, Food 
Habits Coot, $1; Bent, Crows, Jays, Titmice, $7.50; Riley, Birds Siam, $3; Friedmann and Smith, 
Ornithol. Venez. and Furth. Contr., both, $2; Friedmann, Birds N. Brazil and S. Venez., $1.50; Birds, 
Ethiopia and Kenya, pt. 2, $4; Cowbirds, $7.50; Wetmore, Birds Guanacaste, $1; N. Carolina, $1; 
Kentucky, $1; Guatemalan Highlands, $1; S. Veracruz, $2; N. Venezuela, $2; Deignan, Birds, N. 
Thailand, $4; Ridgway and Friedmann, Birds N. and M. America, pts. 9, 10, 11, $4 ea., $10 all; Watson 
and Lashley, Homing Birds, $5; Lockley, Shearwaters, $3; Howard, Territory in Bird Life, $4; 
Introd. Bird Behavior, $15; Delacour, Birds Malaysia, $2; Delacour and Mayr, Birds Philippines, 
$3.50; Mayr, Birds SW Pacific, $3.50; Bond, Birds W. Indies, $3; Chapin, Birds Belgian Congo, pt. 1, 
$8, pt. 2, $4, both $11; Saunders, 1929, Bird Song (rare!), $5; Preble, Athabasca-Mackenzie, $10 
(unbound) ; Pleske, Birds Eurasian Tundra, $7.50; Wood, Fundus Oculi, $12; McAtee, Local Names, 
$2. Prepaid: Postpaid. All in fine condition—Raymonp J. Hock, Arctic Aeromedical Lab., APO 731, 
Seattle, Wash. 


WantEep—Any of Bent’s Life Histories of North American Birds issued prior to 1946 at reason- 
able prices —James Honces, 1514 E. High St., Davenport, Iowa. 


Essays—By Emerson Stringham: Wyoming’s Devil’s Tower, Forests, and Tetons, 50¢; Kerrville, 
Texas, and its Birds, 50¢; Alexander Wilson, 50¢; all 3 for $1.00—Emerson StrincHaAM, P. O. Box 986, 
Kerrville, Texas. 


For SateE—Bent’s Life Histories, as follows: Gulls and Terns, $15.00; Petrels and Pelicans, $15.00; 
North American Wild Fowl, Pt. 1, $12.00, Pt. 2, $12.00; San Diego Society of Natural History Trans- 
actions, Vols. 1 to 11, newly bound, blue buckram, Vol. 12 in progress, $125.00. Postage extra on all 
items—LauRENCE M. Huey, Natural History Museum, Balboa Park, San Diego, Calif. 


WantTep—Reed, Birds’ Eggs of North America. Please state price and condition—Ep N. Har- 
RISON, 1134 Glendon Ave., Los Angeles 24, Calif. 


Brnocutars—Because, and only because, we have a Repair Shop, we can (and do) check each 
binocular. Those with optical defects (strikes, fungus stains, chips or fractures), or mechanical defects 
(jerky movement or play in moving parts), we return to the importer. Each glass sold, irrespective 
of price—even our “Mirakel Specials” from $29.50 up—we shock test and fasten loose parts, and 
“tune-up” alignment to 1/1,000! With each we give our FREE-SERVICE GUARANTEE. 30-day 
trial to assure choice of “right” model. Also Balscope and Bushnell ’scopes with permanently attached 
boss for mounting directly on tripod (saving $6.85 cost of a separate tripod adapter), wide-field 20X 
eye-piece (100 per cent more viewing area), and other remarkable attachments. Send for detailed 
catalog, and “Know Your Binoculars,” 12-page booklet reprinting our article published in Audubon 
Magazine, 10¢—no charge to COS members. Also, our famous Repair Shop overhauls all makes— 
usually in 3 to 4 days—Tue Reicuerts, Mirakel Optical Co., 14 W. First St., Mount Vernon 15, N.Y. 


WantTep—Preserved avian specimens, just hatched, identified, maximum 12 hours old.—Davm K. 
WETHERBEE, Pomfret Center, R.D., Hampton, Conn. 


For SaALE—Write for complete details and specifications on Specimen Case # 112, designed by 
the University of California, size 27” x 44” X 42”—priced at $199.00, F.0.B., Escondido, Calif — 
Cuapretyt’s House or Wooncrart, P.O. Box 1085, Escondido, Calif. 
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